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0.0  INI'RODUCfiON 
This volume forms part of the Final Report from  a study of the performance of the 
telecommunications sector up to 2010  under different regulatory and market options, 
produced by Analysys Ltd for the Commission of the European Communities.  Using 
quantitative techniques,  the study projects the financial performance of the telecom-
munications sector in the EC Member States, EFTA and Eastern Europe, and shows 
how this performance is affected by different regulatory choices. 
This volume  is  the  Main  Report.  It describes the general European projections for 
demand, technology and regulation developed in  the study.  It then presents detailed 
fmancial results (at the EC level) under the different regulatory options, in the form of a 
series of graphs and accounts sheets, with commentary.  The results for EFfA and the 
East European countries are also summarised.  An Appendix outlines the methodology 
underlying the quantitative analysis. 
A full  discussion  of our conclusions and recommendations for policy is included in  a 
separate Executive Report.  ' 
The remainder  of this  Preface presents  a  reference framework  for  the study.  This 
material is repeated from other volumes in the report. 
0.1  STRUCTURE OF TilE FINAL REPORT 
The report is divided into three main parts: 
....  The Executive Report sets out our conclusions from  the study and gives recommen-
dations for policy. 
....  The Main Report (this volume). 
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....  A series of Annexes  contain  the country-by-country  results  of the study  and  full 
details  of the  approach  and  assumptions  from  which  these  results  are  derived. 
Annex A  (the Technical Reference) explains in detail the methodology underlying 
the quantitative  analysis.  Annex  B  analyses  each  country in  terms  of a  profile, 
assu·mptions (including the ways  in which  the individual country projections differ 
from the general European projections), and investment and fmancing implications. 
Astandard set of quantitative results for each country appears in Annex C; there is a 
separate fascicle  for each of the  12 EC countries, plus one fascicle each for  EFTA 
and Eastern Europe. 
0.2  OVERVIEW OF STuDY AIMS, COVERAGE AND RESULTS 
The aims of the study are: 
.,..  to forecast the major developments in European telecoms up to 2010, and produce 
quantitative projections for network investment and revenue country-by-country 
.,..  to assess in detail how different regulatory options - 'Expansionist' and 'Minimum' 
- will affect the market and the telecoms operators' performance 
.,..  to demonstrate to what extent financing needs may be met from internal funds, and 
where assistance may be necessary. 
Coverage: The study covers the 12 Member States of the European Community (EC) 
over the years 1990-2010.  For each EC country separate quantitative models have been 
produced for  the national telecommunications operator (TO) and  its competitors, to 
enable a distinction to be made between the financial health of the incumbent TO and 
that of the country's telecoms operations as  a whole.  For each  of these,  results are 
generated for both the Expansionist and Minimum cases. 
Other countries have also been studied (in less detail) in order to put the EC results in 
context:  short-term projections, covering  1990-1995,  have been made for  each of the 
EFT  A countries1 and the countries of Eastern Europe.2  For these countries only one set 
of results is generated, since no distinction is made between the TO and its competitors, 
and  the  two  regulatory  options  are  sufficiently  close  in  the  short  term  to  make  a 
comparison unnecessary.  Country profiles have also been constructed for the USA and 
Japan, indicating the main points of difference and similarity vis-a-vis the EC. 
I  With lhC' C'Xccption of Jcrlllnd; abd LiecblC'n.<Jein i5 includt·d walh Swil7.crland, u  tbe Swiss TO Opt'rRlt'llhe network in Lil'chtC'nslein. 
2  Except for Bulgaria, Romania and Yugoslavia, which are coverC'd in a sinp aggreple modeL 
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GEOGRAPHICAL COVERAGE 
-
~ 
~ 
~ 
profiles, country models (TO 
and other operators), both cases 
profiles and short-term 
projections only 
country profiles 
only 
I  JAPAN 
The Expansionist and Minimum Cases: The study fmds that considerable expansion of 
the European telecoms market is possible (and can be sustained by TO finances) over 
the next 20 years.  This goal will,  however, require action to be taken in the short term 
on regulation  and  reorganisation,  and  assistance to be made available to peripheral 
regions of the Community.  The countries of Eastern Europe will also require fmancial 
assistance.  (A full  discussion  of our conclusions  and recommendations for policy is 
included in the Executive Report.)  The report presents the financial consequences for 
the market and the operators of two different approaches  - the 'Expansionist' option 
(in which these regulatory actions are taken) and the 'Minimum' option: 
The Expansionist Case: 
•  Represents an  innovative,  highly com-
petitive  market  in  which  telecoms 
monopolies  are  removed  and  competi· 
tion  is  allowed  in  all  services (including 
voice,  data,  image  and  other  new  ser-
vices)  and  networks  (including  fJXed, 
mobile and satellite).  The existing TOs 
and the sector as a whole respond rapidly 
by becoming commercially-oriented. 
continued ... 
The Minimum Case: 
•  Represents  the outcome of a  regula-
tory policy which attempts to protect ex-
isting  interests  and  does  not  promote 
commercialisation.  Assumes slow or par-
tial implementation of EC Directives and 
other  liberalisation  measures,  delayed 
introduction and take-up of new services 
and  applications,  and  cautious  invest-
ment policies. 
continued ... 
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The Expansionist Case (continued}:· 
• Assumes  rapid  demand  growth  -
particularly  for  mobile,  advanced voice, 
video  and  data  services  - matched  by 
rapid and focused investment. 
•  The regulatory regime allows sufficient 
financial  resources  to  be  generated  to 
enable  forward-looking  technology 
choices to be made, which in turn enable 
rapid  development  of  the  existing 
network  and  the  generation  of  new 
revenues.  Competitive  pressures  drive 
tariffs  towards  costs;  this  process 
stabilises after approximately 15 years. 
•  Total revenues for the telecommunica-
tions sector in Europe (including services 
and  CPE)  grow  rapidly  in  real  terms 
from ECU 90 billion in 1990 to ECU 322 
billion in 2010  - a factor of  3.5.3 
•  Total  annual investment  rises  in  real 
terms from  ECU 33  billion to ECU 142 
billion, and over the 20-year period totals 
ECU 1277 billion. 
•  Between 1995  and 2000 the sector can 
be expected to generate a cash surplus of 
ECU 29  billion  - 13%  more cash than 
will be required to fund investments. 
continued ... 
The Minimum Case (continued): 
•  Represents  relative  stagnation  in  the 
telecoms sector,  and illustrates the con-
.sequences  of preserving  the  regulatory 
status quo. 
•  It  is  assumed  that  regulators  impose 
tighter control of tariffs in an attempt to 
prevent abuse of monopoly power and to 
cut costs.  Tariffs therefore become cost-
oriented more rapidly than in the Expan-
sionist  case;  driven  by  regulatory 
pressure, the process of cost-orientation 
stabilises after approximately 10 years. 
•  Total sector revenues rise to only ECU 
188 billion in 2010  - a factor of 2.1. 
•  Total annual investment reaches ECU 
76 billion, totalling only ECU 899 billion 
for the 20-year period. 
•  Cash flow  is  expected  to be sufficient 
to  fund  investment,  but  the  regulatory 
regime limits the resources of the sector 
and the attractiveness of innovation, re-
inforcing the slow pace of development. 
continued ... 
3  ThCS('  fi~ure~. like all the financial measura used in this report, are expressed io real terms (i.e. adjusted for inflation), in 1990 ECU. 
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•  Existing  TOs'  average  market  share 
falls from  an average of 94% today, but 
their competitive response enables them 
to maintain their share at an average of 
above  70%  in  2010.  Though  operating 
profit margins are cut (to an average of 
around 24%  ), the existing TOs are still in 
a  strong  position  to  expand  revenues; 
over the 20  years their revenues expand 
in  real  terms  from  ECU  85  billion  to 
around ECU 237 billion. 
0.3  INPUf DATA SOURCES 
•  The average market share of existing 
TOs is  gradually eroded as  they fail  to 
develop  a  commercial  and  competitive 
orientation,  and  falls  to  an  average  of 
around 75%  in  2010.  Although  this  is 
higher  than  in  the  Expansionist  case, 
their  revenues  rise  to  only  ECU  141 
billion (in real terms) over the 20  years. 
TOs'  operating  profit  margins  are  cut 
more severely  than  in  the Expansionist 
case - down to 19% in 2010. 
Note that all fmancial data are expressed in real terms, that is,  adjusted for the 
effects of inflation.  The currency used is 1990 ECU; the conversion rates used are 
those published by the OECD and Economist Intelligence Unit.4 
The starting-point for each country model is given by 1990 data.  These data have been 
drawn from a range of sources, including TOs' own statistical data (both confidential and 
public), TOs' annual reports, and other published reports.s  In some cases, 'start-data' 
information was not available for the correct year or half-year, and so had to be calcu-
lated.  In other cases published data had to be adjusted and 'standardised' in format in 
order to conform  with  the requirements for  consistent  model input.  Start-data for 
revenues used in the modelling were for the 1990 calendar year; where 1990 information 
was unavailable, the revenues were projected forward from earlier years.  Start-data for 
lines and waiting lists were for mid-1990, and so sometimes differ from other published 
figures, which usually represent the year-end.  Where mid-1990 figures were not avail-
able, estimates were obtained by extrapolation or interpolation. 
The table on the following  page summarises the starting-point for the modelling.  It 
shows the 1990 values of certain key measures for the EC as a whole.  For defmitions of 
some of the measures shown,  see the Explanation of Financial Terms which  appears 
towards the end of this volume. 
4  See Appendix to Annex IS,  Volume 1 for details or the wnvenioa rata used. 
S  See Appendix 1 to Annex A for ddaill of  data sources. 
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Connections (thousands)  Business Telephony  35689 
by connection type6  Residential Telephony  105389 
(estimated at mid-year)  Mobiles  1862 
ISDN and Broadband  19 
Total (Main Switched SeJViccs)  142960 
Other SeJVices  3606 
Total  146566 
Population (est. at mid-year)  Millions  341 
Financial- Revenue (MECU)  CPE  16009 
by connection type6  Business Telephony  28968 
Residential Telephony  33392 
Mobiles  1718 
Other  10386 
(Total) Revenue  90472 
Telephony (Bus. & Resid.) as Proportion of all Revenue  69% 
Financial - Costs  Capital Outlay (millions of ECU)  33071 
Operating Cost (millions of ECU)  66640 
Operating Cost per Connection (ECU)  455 
Financial - Ratios  Operating Profit Margin  26% 
Long-Term Debt  82393 
Fixed Assets plus Net Current Assets  168695 
Long-Term Debt as a Proportion of  Total Net Assets  49% 
Ratio of Fixed Assets to Turnover  1.99 
TOs' Market Share  % Share of Turnover  94% 
% Share of Investment  95% 
The projections for technology, regulation and demand used in the study take account of 
existing plans,  and of expert opinion on likely  developments over the 20-year period. 
They include the completion of digitalisation and the introduction of Synchronous Digi-
tal Hierarchies (SOH) and Asynchronous Transfer Modes (A  TM); major restructuring 
of network architectures; the widespread  installation of optical fihre  in  the local loop, 
h~:ginning in  core business areas and spreading to  residential areas after 2000;  major 
growth  in  ISDN, mobile, broadband and image-based services; increased competition; 
and tariff rebalancing.  (The assumptions differ between the Expansionist and Minimum 
cases,  as  explained  in  Section  0.2  above.)  Projections  of demand  take  account  of 
economic forecasts made in the frrst quarter of 1991. 
6  Not~ that connection types are referred to as 'bearer services' on th~ result.s graphs in this volume and in Annex C. 
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One assumption worthy of special note is that governments do not interfere in the finan· 
cial affairs of the TOs above and beyond the controls and levies that currently exist.  It is 
recognised that in practice governments may intervene, for instance by instituting special 
tax levies on TOs to divert profits in line with social and political objectives.  No account 
is taken of such interventions in the quantitative results presented here. 
It should be noted that activities or events outside of the operators' normal domestic 
business operations are not included in the fmancial projections.  Care should therefore 
be exercised in comparing these figures with information published elsewhere about the 
organisations'  fmancial  performance.  Also,  in  the  accounts  sheets  the  number of 
ordinary shares (on which earnings per share depend) has been assumed to be equal to 
one third of turnover in  1990.  Thus the number of shares shown in  1990  should be 
regarded as indicative only, and not identical to the actual number of shares at that time. 
No account is taken of any flotations of  additional shares during the period modelled. 
0.4  SUMMARY OF ME'IliODOLOGV 
In order to achieve its aims, the study takes account of both the diversity of the current 
situation and the complexity  of the interacting forces which will  shape-developments. 
Major differences exist between the national telecoms sectors in  Europe (in terms of 
services, costs, tariffs, networks, technologies, standards, and fmancial and operational 
performance); the approach is therefore based on a detailed assessment of each indiv-
idual country, starting from existing infrastructures and current plans.  Future develop-
ments will be shaped by existing patterns of behaviour and by the dynamic interplay of 
demand, technology and regulation; the approach is therefore designed to capture the 
interaction of these forces in a structured and coherent framework. 
The methodology therefore has the following main aspects: 
..,.  Building profiles of each of the countries studied, starting from 1990 data, a study of 
the telecoms sector and the general economic situation, current plans and estab-
lished trends.  (See Annex B.) 
...,.  Making global projections for developments in demand, technology and regulation 
- issues which cut across all  countries - supported by expert input.  (See the Main 
Report.) 
..,.  Developing a  methodology to forecast demand within  the constraints imposed by 
economic factors, and using this to make detailed projections of demand for differ-
ent services on a country-by-country basis.  (See Annex A.) 
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.,..  Constructing  a  general  reference  model  framework  capable  of capturing  these 
profiles and  projections,  and  of quantifying the costs and funding implications of 
network investment to meet the forecast demand.  (See Annex A.) 
.,..  Building and running country-specific models, which bring together the profile data, 
the global projections, and the demand forecasts within the quantitative framework, 
and generate the financial results.  (See Annex C for country-by-country results, and 
the Main Report for aggregate results at the European level.) 
The first  stage in  the quantitative  modelling is  therefore the forecasting of demand. 
From input on GDP growth,  the elasticity of telecoms spen_ding with  respect to GDP, 
usage patterns, tariff assumptions, demographic trends and the existing customer base, 
detailed demand forecasts are calculated in terms of the numbers of connections and the 
levels of usage.  These detailed demand forecasts are then used to drive the investment 
model, which calculates the costs of satisfying demand, using input on the initial fmancial 
position of the operator, trends in capital, operational and maintenance costs for  the 
main network elements, and the operator's network provision and depreciation policy. 
The results of the investment model include: 
.,..  the costs and quantities of equipment in the network 
.,..  the capital investment required 
.,..  cash flow, revenue and profitability 
.,..  the cost of providing services to customers 
....  fmancial information (summarised in  the form  of profit and loss account, balance 
sheet and source and application of funds). 
Demand forecasts  and  the costs  of service  provision  are fed  into  the calculation of 
tariffs and revenue, where account is taken of moves towards cost-oriented tariffs. 
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1/ General European Demand Projections 
An interplay of demand, technological, regulatory and economic factors will determine 
the magnitude of European network investment over the next 20 years.  The aim of this 
chapter, and the two following it, is to provide a description of how the forces affecting 
telecoms investment are likely to evolve over the next two decades. 
This chapter descn"bes  demand  projections at the European level;  technolopcal and 
regulatory projections are contained in Chapters 2 and 3 respectively.  Important finan-
cial and economic issues are included, u  well as their liJcely impact.  Although the main 
themes are set out with reference to the EC generally, country-specific examples are put 
forward where appropriate.  Such examples provide an indication of the current wide 
differences which exist across European telecoms markets, networks and regulation. 
In this chapter we consider likely developments in the demand for telecoms in Europe. 
and the consequences are put forward in the form of general Buropean demand projec-
tions; more detailed country-specific demand promes can be found in Annex B.  Where 
we attach a date to a trend or development, this relates to our projections for advanced 
countries in the &pansionist case.  We besin in Section 1.1 with a summary of the major 
developments which are expected to occur by 1995, by 2000 ud by 2010.  Section 1.2 
examines the developments in demand for each service (basic telephony network, ISDN, 
Broadband, mobnes, cable 1V, leased lines and tela). 
1.1  CHRoNOLOGY Of1HE  DEMAND PltoJICnoNS 
The demand projections are summarised in the diaaram on the foDowins page.  On the 
left-hand side we have set out major topics; we have represented their implementation 
or impact over time by horizontal bars containing commentary.  (The density of shading 
represents scale or degree, according to context.) 
We expect the following developments in the 1990-1995 time frame: ....  The take-up of ISDN is likely to be slow, as users take time to perceive its benefits; 
this will be compounded by the relatively slow introduction of customer premises 
equipment (CPE) and difficulties in achieving a critical mass of users. 
....  VSAT network growth will be affected by tariffmg policies (currently international 
tariffs within Europe make VSATs very attractive) and the availability of competing 
networks such as ISDN. 
....  There will be an ever-increasing demand for higher transmission speeds both in the 
work-place (with the availability of high-capacity workstations and PCs) and in the 
home (with the advent of new home entertainment products such as HDTV).  This 
trend will continue into the 21st century. 
We expect the following developments in the 1996-2000 time frame: 
....  ISDN will be well understood,· and CPE and applications will proliferate.  Larger 
companies  will  begin  to  use  Broadband  applications  over  new  high-capacity 
networks and access links. 
....  Videotelephony will begin to change from a business application used on private 
networks and limited by cost towards a more widely used switched service. 
....  Analogue leased lines will be phased out as users take up the widely available ISDN 
service. 
....  VSAT  development  will  slow  down  as  ISDN and  Broadband become  attractive 
alternatives (and tariffs are progressively rebalanced). 
....  There will be growth in demand for CATV, and some TOs will begin to implement 
fibre-to-the-home. 
....  There will  be rapid  growth  of mobile  communications,  based  mainly  on GSM 
standards,  but with  separate networks  aimed  at different  market  segments  and 
offering varying degrees of functionality.  These setvices will cover both voice and 
data.  As the infrastructure  density  increases,  terminal  sizes  and  costs  will  fall 
dramatically. 
....  Modernisation of networks enable the development of a number of advanced voice 
and other services (including superior call-forwarding capabilities, and the maturing 
of 'green numbers').  Increasing use of these services will lead to greater use of 
transmission services, including mobile communications. 
~......___-------------------- Analy.sy_s _ 
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.We expect the following developments in the 2001-2010 time frame: 
~  Towards the end of the period both large and small organisations will migrate from 
narrowband ISDN to switched Broadband services. 
~  Image-based  terminals  - primarily  videotelephones  and  PCs  - will  be  in 
widespread use, their price having fallen substantially during the 1990s.  The falling 
cost of videophones, combined with an increase in disposable income will see such 
devices being used by residential subscribers who find  them convenient to use at 
work. 
~  Analogue cellular and separate data systems may continue to be supported after the 
tum of the century, but they will face increasingly stiff competition; like telex before 
them, usage will eventually fade. 
~  A  major change will be the spread of mobile communications; small, inexpensive 
handsets which are able to access networks through a dense radio infrastructure will 
be part of a mass market. 
~  Particularly in the latter part of this period, demand for advanced voice services  -
e.g. 'green numbers' (such as called party pays and premium service numbers) and 
call forwarding - will rise as users become increasingly aware of the benefits of such 
services.  Around 50% of connected customers will subscribe to  them by  2010, 
providing a major source of revenue. 
1.2  THE DEMAND FOR SERVICES 
The demand for existing and future telecoms services may be assessed with reference to 
the likely growth in demand for actual applications such as voice telephony, mobile tele-
phony, videotelephony and others.  Once we have determined how application demand 
will  change over time we can then map this demand onto bearer services.  Below, we 
summarise likely demand developments by service category as follows: 
~  current telecommunications networks (1.2.1) 
~  ISDN (1.2.2) 
~  Broadband (1.2.3) 
~  mobiles (1.2.4) 
~  cable 1V  (  1.2.5) 
~  leased lines (1.2.6) 
~  telex (1.2.7). 
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At the outset, however, it is important to consider how the ovemll demand for applic-
ations  might  develop  over  time.  'IWo  possible  sets  of demand  assumptions  are 
considered: 
....  an Expansionist case 
....  a Minimum case. 
Expmuionist Case 
Minimum Case 
We assume that the full potential of demand growth is  ac~ieved, 
with  sizeable  increases  in  demand  for  all  types  of  telecoms 
service.  This  involves  the  implicit  assumption  that  regulatory 
conditions are such  that the investment  needed  to  support the 
new  demand  is  brought  forth  quickly  and  efficiently.  In  other 
words,  TOs  are in  a position  to  satisfy  the higher  demand for 
goods and services. 
Given that TOs are able to respond quickly and efficiently to the 
demand for new applications, we would expect markets to mature 
earlier than they might otherwise have done; examples of this are 
the  market  for  advanced  voice  facilities  based  on  intelligent 
networking,  and  the mobile-telephony application.  The earlier 
these  applications  are  accessible  to  potentially  huge  customer 
groups,  the greater the propensity of TOs to capitalise on  (and 
further encourage) strong demand growth. 
If the telecoms sector is slow to respond to changes in demand, 
the result will be a dampening of demand.  In this case investment 
in new services and applications is slow to materialise and existing 
demand  remains  frustrated.  Such  circumstances  are likely  to 
bring forth tighter regulatory control over tariffs, as compared to 
the Expansionist  case where  any  tariff rulings  will be  strongly 
supportive of the higher investment levels. 
1.2.1  Current Teleeommunications Networks 
In the short to medium term, demand for PSTN connections and usage will continue to 
increase.  At present, the number of installed lines in the EC is rising by between 3% 
und 4% annually.  This is unlikely to slow down in the next few years, as some countries 
still  have waiting lists  to eliminate.  The following  five  countries had waiting lists for 
connections in 1990: 
....  in Greece and (Eastern) Germany the waiting lists numbered over one million 
....  Spain and Portugal both had substantial waiting lists 
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Also,  in  Belgium  the waiting list  has been growing  significantly  in  recent years  and 
reached 22 000 in 1989.  In the Republic of Ireland, the penetration of fixed telephony is 
currently only 26 per 100 population, and the TO hopes to make considerable strides in 
increasing penetration (particularly for residential users) within the next few years.  It is 
clear that there is significant latent demand for fixed telephony connections in all these 
countries. 
For  the  remaining  EC countries  (Denmark,  the  UK,  France,  the  Netherlands  and 
Luxembourg), penetration is already relatively high and there are no waiting lists.  There 
is still some room for increasing the number of connections, however; for example, the 
French TO has set itself the goal of 100% household penetration before the end of this 
decade.  Nevertheless, the expansion of demand for connections is not limitless, and as 
penetration levels continue to rise, TOs are increasingly focusing on ways to expand the 
levels of telephony traffic. 
Network usage in Europe is currently only about one-third of the level in the USA. 
Exhibit  1.1  below compares telephone calls per person in the USA with the levels in 
France, the UK, Germany and Japan. 
EXHIBIT  1.1: 
~ 
100% 
~ 80% 
~ 
~  60% 
§ 
~  40%  a 
20%  ~  a 
0% 
Network Usage  - Calls per Person in France, the UK,  Germany and 
Japan as Percentage of  Calls per Person in the USA 
100% 
France  UK  FRG  Japan  Singapore  USA 
The differences between the five countries are striking.  Whilst part of the explanation 
for this is found in tariffing (some calls are free in the USA), the principal reason lies in 
the highly  dispersed physical structure of the USA,  together with cultural factors.  In 
view of the very different spatial distribution in  Europe, it cannot be assumed that the 
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gap is purely one of timing and that sooner or later the Europeans will 'catch up' with 
their American counterparts.  Nevertheless, it is reasonable to assume that concerted 
tariff reform across Europe will encourage higher levels of network usage.  Thus, the 
Expansionist case embodies levels of usage which in the later years are over twice those 
of the Minimum case. 
New  services  are already  becoming  available  (and  more visible)  which  are just  as 
suitable as the PS1N service for satisfying the demand for voice applications; indeed, 
services such as ISDN and mobile telephony offer additional attractive features.  Thus, 
as the user becomes more conscious of these features, there arises the prospect of a 
slow-down in demand growth from the basic telephony service (although this is unlikely 
to occur until well after the year 2000). 
A  potential threat to demand for fixed  telephony lies in the growing accessibility of 
mobiles to a mass market.  It is reasonable to expect that as the price of handsets and 
tariffs declines, some. users - both residential and business - will actually substitute a 
mobile connection for their fixed  connection.  This  phenomenon is unlikely to occur 
until after 2000, when PCN operators have become a strong competitive force. 
Whilst the existence of private mobile operators may itself pose a threat to the incum-
bent TO's fixed telephony service, it is important to note that a proportion of the mobile 
traffic will be carried on the existing PSTN infrastructure, and TOs will receive income 
from this.  Consequently, TOs might actually expect  an increase in revenue as their 
networks become more open to mobile traffic, provided that they invest appropriately to 
cater for this traffic, and set appropriate tariffs. 
Despite the fact that the PS1N is relatively expensive and transmission quality is often 
poor, small users with Group 3 faxes  and modems still find it their best option; data 
traffic over the PS'IN with data modems still represents approximately 35% of the data 
connections in Europe.  With the development of the ISDN service, however, this type 
4  ~  connection will be drastically reduced (in percentage terms) during the 1990s, even if 
strong growth in data traffic continues to support modem sales.  The falling prices of 
ISDN equipment such as PC cards will probably make inroads into the modem market 
after the year 2000; this, combined with take-up of ISDN in small enterprises, will finally 
squeeze out the use of specialised networks (e.g. PSDNs) and modems from the profess-
ional environment. 
The ISDN service is a direct substitute for packet- and circuit-switched network services. 
However, in the short to medium term there is still likely to be strong demand for these 
services from  smaller users who are unable or unwilling to invest in ISDN.  We expect 
existing networks to co-exist with ISDN at least until the year 2000. 
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data and image-based applications, and a growing user perception that services other 
than basic voice telephony (for example, ISDN) are able to satisfy this demand at an 
acceptable price.  Taking into account the knock-on  effects from  mobile traffic and 
intelligent network (IN) services (see below) to basic voice and video telephony trans-
mission services, fiXed  telephony revenue growth (excluding ISDN and advanced voice 
services) is likely to slow down by about 2005. 
Advanced Voice SeNices 
During the next ten years there will be a diversification of telecoms services, including 
services for which there is no historical guide to likely demand.  With intelligent net-
works will come the development of a number of advanced voice and other services 
(including superior call-forwarding capabilities, and the maturing of 'green numbers'). 
Such advanced calling services do not provide a substitute for basic services, since they 
do not actually provide a means of  communication.  However, they do complement basic 
services by providing greater user freedom and individual contro~ and so the increasing 
use of intelligent network services will lead to greater use of transmission services. 
The early introduction and take-up of advanced voice services is likely under Expan-
sionist case assumptions.  We assume that such services will start to become popular 
around 1997,  and that around 50% of connected customers will subscribe to them by 
2010.  We expect that customers will be prepared to spend around 10% of their total 
service  expenditure  on these services;  that is,  the subscription charge will  be about 
ECU 100.  Given the complementary relationship between advanced voice services and 
the voice telephony application, our Expansionist case also includes the assumption that 
there is higher growth in demand for the voice telephony application. 
1.2.2  ISDN 
ISDN  offers  a  unique  opportunity  for  integrated  voice/data  transmission  over  the 
switched local and international network.  The problems lie mainly in penetration and 
high  equipment costs.  Competition with  existing  alternatives  is  still  substantial,  but 
looking to the medium term it is likely that falling prices will  split the users into two 
groups: 
....  one group of users requiring a high volume of data transmission to a few  sites  -
they will continue to use private circuits 
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....  a second group of users with medium- to high-volume communications distnbuted to 
a large number of sites - they will choose ISDN when this proves more economical 
than existing alternatives. 
ISDN Adoption 
Some advantages of the ISDN seiVice are: 
....  ISDN is the only option which offers integrated voice and datacommunications on 
the switched network. 
....  ISDN offers small and medium-sized organisations  - who cannot afford analogue 
or digital private circuits - an opportunity for high-quality digital transmission. 
....  The TOs  can  offer  advanced  billing  services,  providing  the  users  with  detailed 
information about the usage of the ISDN link. 
....  The seiVice  can be  borne on the existing  local  copper loop,  which  makes  fast 
penetration among small to medium-sized enterprises financially viable  . 
..,.  ISDN offers standardised international voice and datacommunications in the EC, 
Japan and the USA 
The problems we have identified relating to the penetration of  ISDN are: 
..,.  The coverage of ISDN will in most European countries be substantially lower than 
was previously  expected.  Penetration is  behind  schedule  even in  countries like 
France, where large efforts are being made to promote and develop ISDN applica-
tions.  The CEC's initial goal was a 5% penetration in each European countly by the 
end of 1992; the forecasted actual penetration for 1992 is currently 0.4% for the UK, 
0.9% for France and 0.75% for Germany  . 
..,.  The prices for ISDN equipment are still very high.  The ISDN PC cards necessary to 
transform the PC into an ISDN workstation cost between ECU 1900 and ECU 2740, 
and a Group 4 fax costs from ECU 16 400 to ECU 41 000.  Prices are falling, but the 
delayed  implementation  of ISDN in  Europe means  that  this  is  happening more 
slowly than expected  . 
..,.  ISDN cannot be used by small and medium-sized enterprises as a means of improv-
ing their voice-communications seiVices  - ISDN PABX interfaces for Basic-Rate 
access have not yet been standardised, and such P  ABXs for small users will there-
fore not be available until1995. 
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of ISDN.  BT's marketing for the introduction of its ISDN2 services includes the 
offer of supplementary services (such as calling line identification) free of charge in 
the first year, and free development laboratory facilities for the terminal manufac-
turers, to ensure interoperability.  BT is also sponsoring a project to increase public 
awareness of how the capabilities of ISDN might meet the business needs of today. 
It remains to be seen whether this approach will succeed. 
....  International interconnection will be based on the TUP  +  1 signalling system; this is 
the lowest common denominator, since only France, Germany, the UK and Italy are 
planning to implement the recommended ISUPl signalling system.  As the TUP  + 
lacks a number of supplementary services, a transition from TUP  + to ISUP is criti-
cal to the co-ordination of ISDN internationally. 
Chronology of  Development of  ISDN Demand 
Below, we consider the evolution of demand for an ISDN service in three main phases: 
short term (1990 to 1995), medium term (1996 to 2000) and long term (2001 to 2010). 
In the short tenn 
(1990 to 1995) 
In the first phase, ISDN will be introduced in a majority of the 
European  countries.  High  equipment  costs  and  an  initial 
cautious marketing effort from the TOs will only result in a slow 
rate of increase in penetration.  Initial users will be organisations 
with a need for high-quality, reliable communications to a large 
number of sites (such as retail chains), and organisations with the 
need for high-quality communications to a number of countries -
ISDN really offers a simple and flexible means of communication 
with the USA and Japan. 
ISDN will initially also be very attractive to suppliers and distribu-
tors taking part in the 'just-in-time oriented vertical integration' 
between  manufacturers,  distnbutors  and  suppliers  all  over 
Europe.  Primary-Rate ISDN access will be taken up by  large 
organisations such as public limited companies, where the use of 
ISDN P  ABXs  offers voice  and data integration,  and a  flexible 
means of linking up European subsidiaries and offices.  ISDN will 
also be used to provide back-up for failed leased lines, as illus-
trated in Exhibit 1.2. 
1  The ellhaDced telepbone UICI' put of c:crrr aipalliDa &yltem No. 7 (SS7). 
2  1be ISDN  U~er part of ccrrr  alpalllnJ l)'lt~m No. 7 (SS7). 
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EXHIBIT 1.2: 
Back-up for Failed 
Leased Line 
In the medium term 
(1996 to 2000) 
In the long term 
(2001 to 2010) 
Switch 
A 
The second phase will be characterised by accelerating take-up. 
ISDN will be extended to cover not only the whole of the EC, but 
also the EFTA countries and the majority of the EC's industrial 
trading partners. The increasing use of  ISDN, and the opening of 
the European market with  increased international competition 
will be reflected in falling  equipment prices;  the availability of 
P  ABXs and other CPE for ISDN Basic-Rate access will allow 
even the smallest firm to use ISDN. 
Small to medium-sized organisations without associated  offices 
will find ISDN an attractive way to communicate with customers 
and suppliers.  Indeed, once the value-added market for ISDN 
has developed, this offers an attractive way of obtaining a variety 
of up-to-date information.  Organisations with a large number of 
sites  but  with  low  communications  needs  (such  as  property 
brokers,  insurance  offices  and franchise  chains)  will  find  that 
ISDN is cost-competitive, and may replace their data modems 
and analogue P  ABX with ISDN systems. 
Looking  at  the long-term  prospects,  the  existence  of a  large 
number of ISDN equipment suppliers in a maturing market will 
lead to intense price competition.  ISDN will  then become the 
standard for most organisations with more than one subscriber 
line;  this,  combined with  falling  equipment prices,  means that 
ISDN will  replace  modems  and leased lines for  a  majority of 
users. 
The cost of optical-fibre local loops will have fallen,  and large 
organisations will shift from ISDN to Broadband.  Nevertheless, 
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the  market  fot  ISDN  will  still  grow  as  cost-conscious  small 
businesses in less developed regions finally find ISDN fmancially 
viable.  ISDN will be especially attractive in those markets where 
demographic developments lead to a sharp increase in demand 
for residential services, and where a smaller working population 
will  turn  productivity and  efficiency  into  key  issues  for  service 
suppliers. 
In the early years, the high-speed data transmission capabilities of a switched Broadband 
service will be of interest chiefly to the business user.  However, other applications (such 
as videotelephony, videoconferencing and high-speed fax)  will increase in importance 
over time and also  become more pervasive as falling  costs make them economically 
feasible for residential users (although this is unlikely to occur until well after the year 
2000).  In the 1990s the growth of demand will rest solely in the hands of the large 
business user. 
Chronology of  the Development of  Broadband Demand 
Below, we consider the evolution of demand for Broadband in three main phases: short 
term (1990 to 1995), medium term (1996 to 2000) and long term (2001 to 2010). 
In the short tenn 
(1990 to 1995) 
In the short term, we believe that commercial pressures - and a 
deregulated  telecommunications  market  - will  lead  to  the 
implementation  of  MANs  in  major  European  urban  areas. 
MANs will be attractive for IAN-LAN interconnect because they 
will allow users to avoid the costs of leasing private circuits, and 
because they will enable transmission rates to be increased. 
The optical-fibre trunk network will be completed in a majority of 
European countries, and used mainly for transmission of multi-
plexed  narrowband  services  and  for  non-standard  Broadband 
services such as the German IBN (an interim Broadband network 
which  provides  videoconferencing  and  data  services).  The 
standard  for  Broadband  will  be  developed  and  consolidated 
during  this  period,  but  uncertainty  regarding  its  commercial 
viability may induce the TOs to delay offering this service.  TOs 
will,  however,  closely  monitor the developments of the MANs, 
and their customers' requirements. 
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In the medium tenn 
(1996 to 2000) 
In the long tenn 
(2001 to 2010) 
1.2.4  Mobiles 
The introduction  of Broadband  will  be  made possible  by  the 
availability of synchronous optical networks offering 2Mbit/s to 
140Mbit/s  subscriber  lines,  and  new  developments  in  optical 
integrated circuits in the medium term. 
Closer to 2000, the prospect of a switched integrated Broadband 
service offering will grow.  Broadband islands will then be linked 
up domestically and internationally, and successful development 
of economical Broadband switches will  facilitate an integration 
with  the  emerging  Broadband  service.  The  falling  costs  of 
optical-fibre local loops will prompt a  phased changeover from 
ISDN to Broadband as end-to-end high bandwidth transmission 
becomes possible.  However,  the changeover will  initially  only 
attract large  - and to a lesser extent medium-sized  - organis-
ations. 
In the long term,  there will be a  continuation  of the phased 
changeover from ISDN to Broadband. This will be marked by the 
use of Broadband systems by all types of organisation.  The pene-
tration of Broadband in the residential market will rise, prompted 
by: 
~  the low cost of  fibre-optic electronics 
~  the  growing  popularity  of  satellite-transmitted  television 
programmes received through the Broadband loop 
""  the use of  HDTV 
""  the popularity of new advanced value-added services (voice, 
image and data-based). 
The competitive supply of mobile telephony services in the UK and the USA has had a 
considerable impact on penetration.  Competition in the mobile market is now becoming 
the norm for Europe, but the diversity of geography and culture across countries may 
prevent a uniform pattern of take-up from materialising.  Below, we consider the differ-
ent issues affecting penetration, and how they might differ from one country to the next. 
Issues of  Capacity and Penetration 
Penetration  rates  in  EC and  EFTA countries  differ  substantially;  for  example  the 
penetration rate for the UK exceeds 12 subscribers per 1000 population compared with 
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reasons for this difference are: 
.,..  System capacity; a number of countries with low penetration rates have adopted the 
NMT 450MHz system designed for low-density areas.  This system was suitable for 
Scandinavian conditions, and helped countries like Norway to achieve penetration 
rates exceeding  25  subscribers per 1000  population.  However, when  installed in 
urban areas (in Spain and Italy,  for  example), its capacity was soon fully  utilised 
without penetration rising above 1 subscriber per 1000 population  . 
.,..  Upgrading of system;  whereas the Scandinavian countries upgraded their 450MHz 
systems  to  the  high-capacity  900MHz  systems  in  the  mid-1980s  to  satisfy  the 
increasing demand, most European countries have delayed the replacement of their 
systems.  This may be explained by monopoly inertia, or simply the fact that these 
countries wanted  to  wait  for  the development  of digital  systems  and  European 
standards  . 
..,.  Competition;  examination of a number of cellular markets, both monopolistic and 
competitive,  shows  that  an  important factor  for  penetration is  the provision  of 
sufficient capacity,  either by  enhancing the existing network (with micro cells,  for 
example) or by upgrading the system to higher frequency and/or to digital cellular. 
With few exceptions, competitive markets seem to respond quicker to the need for 
sufficient capacity; competition leads to intense marketing aimed at educating target 
customers quickly, which should lead to faster take-up of the service, provided there 
is sufficient capacity  . 
.,..  Population density; if there is sufficient capacity and the service is reasonably priced, 
the take-up  rate (defined  as the number of subscribers per 1000  population)  of 
cellular systems is strongly determined by population density.  Despite the competi-
tive markets in the UK and the USA, their take-up rates are lower than in countries 
of low population density (such as New Zealand, Australia, Norway,  Sweden and 
Finland). 
If we take account of the development of various competing technologies (such as PCN 
and  cordless  telephony),  additional factors  are seen to impact  on market share and 
penetration: 
.,..  Prices of  handsets and tariffs; these have an important influence on market share for 
services such as cordless telephony which are aimed at the lower end of the market 
and compete with low-cost  alternatives such as public payphones.  Handset prices 
and tariffs will also be important factors for market entrants such as PCN operators 
who compete with current cellular systems.  Tariffs will be affected by the level of 
network investment  required, which  in  turn can  be influenced by  regulation;  for 
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example, the UK has granted its three PCN operators permission to share their 
network  infrastructure  in  rural  areas,  giving  an  estimated  saving  of  10%  of 
investment. 
~  Geographical coverage; PCN systems in the UK will begin with a geographical cover-
age of less than 50% of the country, and will only achieve coverage rates equal to 
those of the current cellular systems by the year 2000.  Whether this will seriously 
affect  their  market competitiveness  remains  to  be seen.  3  Despite  the  positive 
market-share effect of its low tariffs and low handset costs, cordless telephony has 
received only a weak market response in the UK; analysts are quoting the limited 
number of base stations as the main reason for this.  The main marketing advantage 
of satellite  mobile  services  is  their  European  and  maritime  coverage;  they  are 
expected to retain this advantage until at least 2000. 
Likely Penetration in EC Member States 
Current penetration for Europe as a whole is 3.6 subscribers per 1000 population; if  the 
UK is excluded, the penetration falls to just 1.9 per 1000.  When considering the devel-
opment  of cellular  systems  in· the: national  markets,  four  distinct __gJ;.Q_ups  may · be 
disce~ed  (see below). 
We put forward a rather conservative picture of how demand might develop for each of 
these groups below.  In recognition of the possibility that a mass market for mobiles may 
emerge earlier than predicted in our conservative (Minimum) case, in the modelling we 
also consider the effects of a less conservative (Expansionist) case.  In the Expansionist 
case, we assume that demand for the mobile application will be higher (by as much as 
twice the demand of the Minimum case) in all countries. 
~  Progressive  Markets.  This  group  contains  the UK and  Denmark,  the  only  EC 
countries where the cellular mobile service is actively promoted and demand is satis-
fied, either through a competitive market or through the efforts of the TO.  Both 
countries use high-capacity 900MHz systems, have high penetration rates and intend 
to offer digital services within two years.  Digital implementation will bring penetra-
tion to more than 40 (subscribers per 1000 population) in 1995 for the UK and 60 
for Denmark.  The digital service will also solve the probiems of service quality, such 
as those experienced in highly urbanised areas of the UK.  The term 'progressive' 
also implies that new operators may enter the market, offering new applications of 
the digital cellular technology (such as PCN). 
3  Thia llaur bu dMdc-d UK market analysts; wbercaa Philip od  Drew (tondoD) quoted this as oae reuoo for tbc total PCN market to 
~  Umlted to 4 miWon aublaiben. Bardlyl DZW (tondoo) at..._ tbe total market to be 7-10 millioD by year 2000, dilreprdioa  tbe 
c:.overqe as u  llaue. 
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Italy.  These countries are, for a variety of reasons,  set to experience the 'mobile 
revolution' which has already taken place in the progressive markets.  In some cases, 
implementation of a digital system has been decided on; in Germany and France, a 
competing digital operator has been allowed.  In Italy, demand increases have been 
linked to the growth of the tertiary sector of the economy.  Although initial take-up 
has been slow, with subscribers taking time to appreciate the benefits of the service, 
penetration rates of above 15 per 1000 population will be achieved after 1995.  It is 
up to the regulatory body in each of these countries to determine whether they will 
become 'progressive markets' by  allowing operators with new applications such as 
PCN to enter the market.  In such cases, penetration rates above 70 per 1000 could 
be achieved by the year 2000. 
....  Conservative Markets.  Countries which we classify as conservative markets include 
Luxembourg, the Netherlands and Spain, where penetration has been limited by the 
early 450MHz system and where the TOs have been reluctant to upgrade the system 
to  satisfy  demand.  These countries  are now  finally  upgrading  their system  to 
900MHz, which will allow penetration to continue to grow,  but the growth will be 
gradual,  and  the  operators  will  probably  have  further  capacity  problems  when 
penetration reaches 10 per 1000; (after the year 2000 for most of these--operators). 
The Netherlands TO was  transformed into a private company two years ago,  and 
this has brought various changes in terms of service offerings and marketing; the 
Netherlands may change pace in the 1990s, and has the potential to become a pro-
gressive  market.  The  Republic  of Ireland  is  another  conservative  market  for 
mobiles; penetration only reached 3 subscribers per 1000 population after five years 
of operation, despite a high-capacity 900MHz system. 
....  Late Entrants.  The late entrants group contains Portugal and Greece, which are 
both starting up a cellular service.  Portugal has a  C450 cellular system.  Greece 
appears to be more optimistic than Portugal, and aims to achieve a penetration of 5 
subscn"bers per 1000 population within the first two years of operation.  However, a 
more conservative estimate would put penetration no higher than 2 or 3 per 1000 
population within the first five years. 
Chronology of  Development of  Mobile Demand 
Below, we  consider the evolution of demand for mobiles in  three main phases: short 
term (1990 to 1995), medium term {1996 to 2000) and long term (2001 to 2010). 
--------------------AnalySy..S _ 
1/ GENERAL EUROPEAN DEMAND PROJECTIONS PERFORMANCE OF '11/E TELECOMMUNJCA170NS SECTOR UP ro  2111 
In the short tenn 
(1990 to 1995) 
In the medium tenn 
(1996 to 2000) 
The penetration of cellular systems will continue to increase in 
the short term.  Growth will be particularly strong in the progres-
sive  markets  which  are  fully  prepared  to  take  advantage  of 
cheaper handsets and lower tariffs.  There will also be substantial 
growth in the potentially progressive markets, where a penetration 
of above 15 subscribers per 1000 population is expected by-1995. 
Growth in the conservative markets will be less radical than in the 
potentially progressive markets, and we consider a penetration of 
more than 5 per 1000 to be optimistic for 1995. 
Towards the end of this phase, PCN services will only be offered 
in the UK, and considerable uncertainty surrounds the initial rate 
of take-up.  Given the high  profit margins of existing cellular 
operators (and the flenbility of digital cellular systems), the new 
market entrant is faced with strong competition.  Existing cellular 
operators enjoy very high profit margins_ and are, combined with 
the new flenbility of the digital systems, in a very strong position 
to compete with any new market entrant.  Cordless telephony will 
be offered in the UK, France and Germany, but is expected to 
achieve  only  modest  growth;  the limited  number  of cordless 
telephony base stations will persuade the majority of the potential 
customers  to  choose  the  cellular  system.  Once  'single-cell' 
cellular (requiring no hand-over from cell to cell) is offered, the 
market for cordless telephony will cease to exist. 
Maritime  satellite  communications  will  be  strong  during  this 
period, replacing the current radio-communications systems.  The 
total number  of terminals  sold  for  the European market will 
probably be close to 10 000.  The prices for mobile satellite termi-
nals  are expected  to fall  sharply  during this period,  making it 
commercially  viable  for  customers  in  the  transport  industry, 
where satellite will be the only means of ensuring pan-European 
coverage.  The potential market for coastal maritime traffic will, 
however,  be substantially reduced, because of improvements in 
cellular coverage. 
In the medium term (1996 to 2000) we expect that the progressive 
markets will reach a state of maturity, with penetration of cellular 
systems exceeding 65 per 1000 population.  GSM will be available, 
and will  gradually lead to a decline in the demand for analogue 
cellular.  Towards 2000 there will be rapid growth in the demand 
for GSM services.  The combined effect of increased geographical 
coverage  and  aggressive  marketing  strategies  will  bring  an 
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. In the long tenn 
(2001 to 2010) 
1.2.5  Cable 'IV 
increase in the penetration levels of PCN.  It is also likely that 
some potentially progressive markets will allow PCN operators to 
compete with  existing  cellular  operators.  Conservative  markets 
approaching  penetration  levels  of  10  per  1000,  will  allow 
competing digital systems in 1995. 
In the long term (2001 to 2010) the demand for mobile services 
will  grow  rapidly.  The  GSM  service  will  have  matured,  and 
UMTS will be operational before 2005.4  Most markets will install 
competing  digital  cellular  systems,  and  PCN will  be a  strong 
competitive  force  in  the progressive  and potentially progressive 
markets,  mainly with  other cellular systems,  but also  to a large 
extent  with  fixed-wired  telephony.  The  penetration  rates  in 
countries  with  competing  cellular  systems  based  on  the  PCN 
concept  will exceed  100  subscribers  per 1000  population,  and 
other countries (apart from the late entrants) will have a penetra-
tion of at least 70 per 1000. 
Competition in  the local loop will intensify, with  the TO, cable 
1V  operator and PCN operator competing for market share, and 
this will exert strong downward pressure on tariffs.  PCN oper-
ators are likely to be highly price-competitive in  the offering of 
new 'local loops', but not in terms of existing copper loops; the 
TOs' market share in  terms of local loops will fall only slightly 
during this period,  and  they will continue  to  have  the largest 
market share. 
By  2010,  with  pan-European  coverage  achieved,  cellular  oper-
ators will present a strong competitive force for land mobile satel-
lite operators.  Having enjoyed a monopoly on the offer of pan-
European coverage for a 15-year period, such operators will now 
find  their potential market limited to those requesting coverage 
of Europe and adjacent areas such as the Near East and North 
Africa. 
European cable 1V systems complement rather than replace normal broadcasting, their 
purpose being  to  improve  the offering  of television  and  radio  entertainment.  The 
4  UMTS reU• on OSM.  and intemaUoul compatibility lor •  cowatly'a service would be poulble wtthiD  three yan o( tbat coUDtl)' 
inlrodudftl GSM. 
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penetration (number of homes connected compared to the number of homes passed) 
differs greatly within Europe. 
The likely progress of cable TV during the next two  decades is very important for tele-
coms  service  providers,  given  that  within  ten years  it  will  be  technologically  and 
economically possible to deliver telecoms and television services to the home over the 
same access links.  More households in Europe have a television set than a telephone, so 
there is a potentially large market for a service which offers increased television viewing 
potential with simultaneous telecoms capabilities, bundled at an attractive price.  In the 
short term, however, before this combined service is available, there is unlikely to be 
major growth in the take-up of cable TV.  We expect the major progress in take-up to 
commence in the medium term, when there will be some implementation of  fibre-to-the-
home.  In the long term, once telecoms and entertainment services are offered over the 
same access links, cable penetration will receive a further boost. 
Penetration Issues 
Below we consider a number of issues which influence the penetration of CATV  . 
.,..  Availability of  programmes; Belgium has a penetration of more than 90%, and the 
Netherlands has a penetration of 70%.  In the early 1980s penetration was boosted 
by the ability of these countries to offer a multitude of programmes imported free of 
charge from their 'TV  -budget rich' neighbours.  Large TV producers like the UK 
and Germany will also have cable TV operators with a range of programme sources, 
but limits  on  sources  of new  material will inlubit  growth  in  smaller  European 
countries  . 
..,.  Multi-linguistic audience;  the scope for importing programmes is determined by the 
language skills of the audience.  This has been of importance to the penetration in 
the BeNeLux countries, but may also stimulate growth in areas with large ethnic 
minorities' and areas with large groups of expatriates  . 
..,.  SateUite-transmitted programmes; the growth of satellite-transmitted programmes has 
proven to be the biggest incentive for potential subscribers to the cable network.  A 
large number of competing satellite programmes, and the lack of rapid price falls for 
the sutdlite dishes for the home, have made cable the only economical alternative 
for those who want to receive a range of satellite programmes. 
5  AD eJectroDk uap&bot or viewiDS Ia ua area with a larp AJiaD population Ia the UK showed tbat 27951 or the audieDce watched lodn 
Dbauabm, a cable 1V cbaDDelabowiai HiDdi ma. aDd leleYlsioa propammea16 boun a day. 
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1/ GENERAL EUROPEAN DEMAND PROJECTIONS ..,.  Penetration of video recorders;  a high penetration of video recorders, and a strong 
distribution network for pre-recorded video tapes could be barriers to entry for the 
cable TV operator, especially in the offering of  pay-per-view services  . 
..,.  Market  regulation;  the EC Green Paper sees one-way cable TV and receive-only 
satellite  terminals  as  clear  candidates  for  liberalisation.  However,  a  decision 
regarding two-way  cable TV  systems has been deferred.  The current regulatory 
environment differs greatly within the European Community. 
UK regulators have defined 136 cable franchise areas; each operator is required to 
provide a certain coverage of the awarded area.  The UK cable TV operators are 
allowed  to  receive  and  transmit  television  programmes as  well  as  offer a  local 
telephony service, although currently this requires dispensation from the regulatory 
authority (Oftel).  At present, switching has to be via one of the two national carriers 
(BT and Mercury), but this requirement would be removed under planned legisla-
tion.  In France, the provision of cable TV has been hberalised, and considerable 
activity is now taking place; for example, two major water utilities have made heavy 
investment in switched-star cable TV systems.  In Germany, where cable TV is the 
responSibility  of Deutsche Telekom,  there has been a  costly  implementation of 
optical-fibre based cable TV- systems, but subsidised tariffs have allowed a high level 
of penetration to be reached  . 
..,.  Local telephone service; when cable TV operators are allowed to offer a telephony 
service, it provides them with a significant source of additional revenue for a small 
additional cost.  In addition, the cable service becomes more attractive to potential 
subscribers,  as  they can  receive both  a  telephony  and television  service  in  one 
package deal  . 
..,.  Venture  capital;  when  (as in the UK) the cable TV market is offered to private 
investors, the availability of risk capital is important 
..,.  Potential for telecommunications; the majority of investors in the UK come from the 
USA,  and  a  substantial  proportion  of  these  are  the  Regional  Bell  Holding 
Companies (RBHCs) who  are not allowed  to operate cable TV networks in the 
USA.  The RBHCs are hoping to use cable TV networks as a bridge-head into the 
supply of telecommunications.  Cable TV operators in the UK with switched-star 
systems intend to offer telephony in the future, but this will only be economical when 
the penetration is  higher than the current estimated break-even point of 25% to 
30%. 
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Chronology of  Development of  CATV Demand 
. In the short term 
(1990 to 1995) 
In the medium term 
(1996 to 2000) 
In the short term we expect a fairly slow implementation of cable 
TV systems in most European countries, with much of the growth 
coming from markets where cable TV franchises are awarded for 
regional  areas,  or  where  TOs  have  undertaken  to  provide 
national coverage.  Most of the European TOs will fmd that their 
undertakings  in  terms  of optical-fibre  trunk  networks,  network 
digitalisation and ISDN will limit their ability to invest in cable 
TV. 
The majority of European markets are therefore likely to allow 
private investment where a franchise is awarded for each region, 
where  satellite programmes  can  be transmitted  and where  the 
choice of whether to offer interactive services or not is left to the 
investor.  The  result will be a Europe with  a mix  of different 
systems with different service offerings. 
The growth of cable TV will be highest in the medium term, i.e. 
1996 to 2000.  The fibre-to-the-home concept will be on the verge 
of becoming economical (assuming that cable TV can be offered 
on the local loop), and this will initiate a period of high growth.  It 
seems  likely  that the TOs  will install  and  maintain  residential 
optical-fibre  loop,  and  that  a  private  cable  TV  operator  will 
transmit the television and  radio over the TOs' lines,  in  either 
broadcast or interactive mode. 
The  proportion  of homes  passed  will  grow  dramatically,  and 
penetration (homes connected) will typically increase from  20% 
to SO%  of homes passed, as the number of channels tra'nsmitted 
by satellite grows substantially, and as more people regard recep-
tion  of satellite programmes  as  important  as  reception  of the 
national programmes.  The growth will be slowest in the southern 
area of Europe.  In Spain,  Portugal and Italy, for  example,  the 
shortage  of  satellite-transmitted  or  imported  programmes  in 
suitable languages will prevent growth, except in the metropolitan 
areas. In the long tenn 
(2001 to 2010) 
1.2.6  Leased Lines 
Looking at the longer term, we see the potential for the voice-
telephony  monopoJy  to  be  broken,  with  the  establishment  of 
competing national carriers in some European countries.  Given 
appropriate regulatory change, private cable TV operators with 
switched systems will be able to enhance their revenues by offer-
ing voice telephony.  The pressure to carry both TV and telecoms 
on a single access link will be considerable, and convergence of 
TV and telecommunications can therefore be expected; the full 
effect on voice-telephony monopolies will probably only be felt at 
the end of this period at the earliest. 
With the introduction of ISDN it is anticipated that the demand for analogue  - and 
some digital - leased circuits will fall.  However, one source of expanded new demand 
will come from mobile operators.  As competition is encouraged and new private mobile 
operators offer setvices there will be an additional demand for both narrowband and 
Broadband leased lines for interconnection. 
A  main development will  be the growth in importance of VSATs.  There is a large 
potential market for VSATs, mostly major international organisations who see VSATs 
as a quick means of  implementing a pan-European digital data network and of providing 
a  back-up to their existing terrestrial setvices.  The VSAT market may also include 
organisations which have high-volume data-transmission requirements and see VSA  Ts 
as a way of reducing their communication costs. 
Chronology of  the Development of  Demand 
In the short tenn 
(1990 to 1995) 
In the short term, analogue leased lines will continue to be used 
by SMEs where cost is more important than speed or quality.  As 
ISDN becomes  more widely  available  we  expect  a  decline  in 
demand  for  analogue  leased  lines.  Although  digital  private 
circuits offer the same transmission quality and speed capability 
as ISDN, and require no special ISDN equipment, they will really 
be an option for high-volume users communicating with a limited 
number of sites. 
In  the  short  term  we  also  expect  a  greater  use  of the space 
segment.  The growth  of international VSATs is  dependent on 
satellite deregulation; the process has started, but is opposed by a 
large number of TOs because it poses a by-pass threat to their 
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In the medium term 
(1996 to 2000) 
In the long term 
(2001 to 2010) 
1.2.7  Telex 
Penetration Issues 
fixed networks and could trigger direct competition between the 
administrations.  We therefore expect the growth of international 
VSATs to begin only towards the end of this period, perhaps 1993 
or  1994.  Domestically,  VSATs  will  prove  popular  with  large 
organisations, mainly to provide a back-up setvice to their leased 
lines. 
The growth  of VSAT installations will  be relatively  short-lived. 
Towards the end of the 1990s, the rate of growth in demand for 
VSATs  will  decrease;  the installation  of ISDN  and  Broadband 
networks will provide high-quality and reliable networks offering 
very high transmission speeds, and so the attraction of VSATs as 
a back-up system will diminish.  The speed at which VSATs can 
be installed could lead to new service offerings; for example, the 
facility to have one or more VSATs installed for a limited period 
while terrestrial links are being repaired or new optical-fibre lines 
are being installed. 
Analogue leased circuits will finally  be phased out in the first 
decade of the 21st century.  By then, the main competitive edge 
of the VSATs will be their pan-European coverage and relatively 
low transmission cost when used for long-haul transmissions.  The 
demand for VSATs will thus continue to grow, but at a very slow 
rate; by 2010, terrestrial optical-fibre networks will provide exten-
sive coverage and be more cost-effective than VSATs. 
Exhibit  1.3  overleaf demonstrates how  the number of installed  telex lines  started to 
decrease after 1987 in Europe.  This decrease is expected to continue as the majority of 
small and medium-sized organisations with little need for  intercontinental communic-
ations stop leasing telex equipment.  The rate of decline will eventually slow down as a 
large number of international organisations still depend on the telex service. 
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Telex is still considered important by most large international organisations, and telex 
networks  will  therefore  continue  to  be  maintained  during  the  1990s  and  beyond. 
However, a number of smaller users will stop using the service, as their communication 
needs within Europe are better satisfied by other services (such as the Group 3 fax or 
packet-switched data).  Notable exceptions will be rural areas in southern Europe where 
the number of installed lines will continue to increase until around 1993.  We assume 
that the number of installed telex lines in the European Community will decline sharply 
during the 1990s from the current level of 600 000. 
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2/ General European Technological Projections 
This chapter describes our technological projections at the European level; demand and 
regulatory projections are contained in Chapters 1 and 3 respectively.  Important finan-
cial and economic issues are discussed, as well as their likely impact.  Although the main 
themes are set out with reference to the EC generally, country-specific examples are put 
fotward where appropriate.  Such examples provide an indication of the current wide 
differences which exist across Europe. 
Where we attach a date to a trend or development, this relates to our projections for 
advanced countries in the Expansionist Case. 
Following an overview of the main milestones in the technological projections (Section 
2.1 ), we go on in Section 2.2 to consider basic aspects of networks and technologies, with 
particular  reference  to  current  networks  (PS'IN,  leased  lines,  packet- and  circuit-
switched data networks) and their future integration.  In Section 2.3 we discuss other 
network services, under six headings: 
..,.  ISDN 
..,.  Broadband 
..,.  mobile communications 
..,.  cable television networks 
..,.  satellite communications 
...  telex. 
Section 2.4 sets out the conclusions on the technological projections. 
2.1  OVERVIEW OF  11fE TEcHNOLOGICAL PROJECDONS 
In common with the projections relating to regulation and demand,  the technological 
projections are split into three time periods: 1991-1995, 1996-2000 and 2001-2010.  They 
incorporate not  only  the techniques and  equipment which  might  be implemented but 
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2/ GENERAL EUROPEAN TECHNOLOGICAL PROJECTIONS also the possible roll-out of network infrastructure.  In effect, the technological projec-
tions identify the earliest dates at which technologies may be expected to be generally 
available to the market in Europe, and consequently, the dates of introduction of those 
technologies into countries that are likely to be technological leaders. 
In the technological projections we have considered the potential course of events in the 
more advanced countries; in  this sense the projections do not represent a  European 
average.  Peripheral and underdeveloped countries (such as Eastern Europe and Spain) 
will seek to develop good penetration and will use modem technology to do it.  Differ-
ences in timing for individual countries are the subject of country projections discussed 
in Annex B. 
The technological projections are summarised in  the diagram opposite.  On the left-
hand side we have set out major topics; we have represented their implementation or 
impact over time by horizontal bars containing commentary.  (The density of shading 
represents scale or degree, according to context.) 
We expect the following developments in the 1991-1995 timeframe: 
..,.  From 1991  - rapid digitalisation of· all networks will  be well undeiWay,  with  the 
corresponding implementation of CCITI Signalling System Number 7 (SS7) to allow 
the support of ISDN and enhanced facilities.  A major development will be the start 
of ISDN implementation.  Many local exchanges are already capable of supporting 
ISDN, and the main change will be in the availability of line cards and ISDN multi-
plexers to provide local access  . 
..,.  From 1991  - introduction of Synchronous Digital Hierarchy (SOH) equipment in 
place of plesiochronous multiplexers.  The deployment of optical fibre and the use of 
SOH will be driven by  cost savings in transmission, in terms of capital costs and  , 
operations and maintenance  . 
..,.  From 1991  - in mobile telephony, there will be a rapid growth of existing analogue 
cellular, and service providers will seek to implement technological improvements to 
fend off competing digital technologies  . 
..,.  From 1992 - a rapid growth of MANs (metropolitan area networks) in major Euro-
pean urban areas for high-speed data, and as a general alternative to high-capacity 
leased lines.  This will be possible because of the gradual deployment of optical fibre 
in some areas beyond the core network.  The growth of MANs will be limited by the 
extent of this local access and the rate at which alternative ISDN-based solutions 
become available. 
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i~  From 1993  - GSM-based digital cellular and PCN systems will be introduced.  PCNs 
will  be aimed at mass markets, and will  establish themselves as major systems by 
1995. 
~  From 1993  - liberalisation will allow the use of VSATs,  and developments in con-
sumer electronics will enable customer units to be introduced at low cost.  Satellites 
will retain their strong position in niche applications such as mobiles and thin routes. 
Further  improvements  are  likely  in  both  ground- and  space-based  transceiver 
technologies,  but  the  economics  of fibre  cable  systems  are expected  to  become 
increasingly competitive for both terrestrial and submarine applications. 
~  Before 1995 -little change in the choice of technology for CATV provision, as low-
cost distributive solutions will continue to be attractive.  There will, however, be con-
tinued growth in CATV implementation, with some limited use of optical fibre in 
primary distribution, giving rise to mixed metal and optical fibre systems. 
~  By 1995 - major changes will be underway in network architecture.  The introduc-
tion  of optical fibre  and SDH will  alter the economics  of telecoms networks  in 
favour of longer transmission routes; switching will begin to retreat towards the core 
of the network; multiple hierarchical layers will start to be replaced with much flatter 
structures; some local access will move towards mixed ring and star topologies with 
much longer access line lengths via  optical fibre,  remote multiplexers and digital 
cross-connects. 
~  From 1995 - direct optical-fibre connections will still be mainly restricted to larger 
businesses, but a stronger deployment of optical fibre will be evident towards the 
end of the decade. 
We expect the following developments in the 1996-2000 time frame: 
~  From  1996  - residential subscribers will  begin  to be served via  the frrst  Passive 
Optical Networks and related developments (fibre-to-the-curb).  Such systems will 
become  the  preferred  solution  for  new  CATV  ventures  which  seek  to  offer 
distributed and interactive video services, as well as the option of access to conven-
tional telephony. 
~  From  1996  - the new architectures and transmission technologies will lead to the 
early  application  of A  TM as  a  transmission  technique,  and  its  selective  use  in 
switching in support of data and related services.  However, standards issues - and 
the complexity and cost of A  TM - will initially prevent its more widespread applic-
ations. 
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....  From 1996  - considerable progress will be made in image-processing techniques, 
and they will begin to be used in CPE to exploit the rapidly expanding bandwidth 
available  on  new  infrastructure.  These technologies will  enter a  mature phase, 
enabling substantial cost  reductions in capturing,  encoding,  transmitting and pro-
cessing images.  Videotelephony in particular will begin the transition from a busi-
ness application (used on private networks and limited by cost) to a more widely 
used switched seiVice. 
....  From 2000  - optical fibre will become the principal (but not the only) method of 
providing new access to public telecoms facilities.  Most businesses will have - at 
least potentially  - access to high bandwidth on optical-fibre systems (possibly by 
means of shared multiplexers). 
....  From 2000  - transmission costs will have continued to fall during the decade, so that 
flat  network  structures  will  be  consolidated,  and  switching  will  become  highly 
concentrated.  Most local access will have been restructured to accommodate these 
changes,  although  in  the final  drops  (and  other parts  of the network  close  to 
customers) many copper pairs will remain. 
....  From  2000  - the  development  and  use  of analogue  cellular  and  overlay  data 
networks will stagnate, a decline helped by gateways which provide access to and 
from newer networks and technologies. 
....  From 2000 - the role of satellites will be limited to-specific mobfie applications, thin 
route applications, and broadcast.  Although satellites can be expected to provide 
higher-power output, and receivers to become more sensitive, the rate of develop-
ment is unlikely to out-pace technological advances in fixed networks.  The relative 
importance of VSATs is likely to decline  . 
.,..  From 2000  - ATM will become increasingly important through its ability to flexibly 
handle wide ranges of seiVice bandwidth and support intelligent networking - for 
example, the ability to integrate the fixed  and mobile networks into one seamless 
service. 
We expect the following developments in the 2001-2010 time frame: 
.,..  From 2005  - all new CATV and residential telecoms will be based on optical fibre, 
either as passive or as active local access networks.  The change in network architec-
tures will mean that the vast majority of subscribers will use optical fibre at some 
point in their local access network. 
~  From  2005  - communications will  be based on personal numbers rather than on 
location, and will rely on increasing network intelligence. 
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tons) for making more efficient use of optical fibres and for switching will be used 
extensively in the trunk network. 
2.2  BASIC NE1WORK AND TEcHNOLOGY AsPECI'S 
Below,  we include an overview of current telecommunications networks (2.2.1 ),  then 
describe in greater detail the major network and technology trends which will have an 
impact in the next 20 years (2.2.2), and briefly discuss developments which are likely in 
the longer term (2.2.3). 
2.2.1  Overview of Networks 
The four  basic  telecommunications networks  - Public Switched  Telephony,  Private 
Circuits (leased lines), Packet-Switched Data and Circuit-Switched Data  - form the 
core of telecoms.  Although mobile communications and CATV have become increas-
ingly important, the evolution and convergence in the basic fixed networks are likely to 
dominate strategic thinking in telecoms over the next decade and beyond.  In this section 
we briefly discuss the attributes of the four. basic networks, and use their future devel-
opment through ISDN and beyond as the basis for a  more general discussion of the 
development of telecoms technologies and the crucial issue of network architectures. 
Other networks and services such as mobile CATV are discussed in Section 2.3.  The 
four basic telecoms networks are currently logically and physically separate, as Exlubit 
2.2 demonstrates. 
Public Switched Telephone Network 
The traffic on the public switched telephone network is driven both by voice and data 
traffic.  The voice traffic has been boosted both by a growth in the number of installed 
lines - currently growing at 3% to 4% per year in Europe - and by increased telephone 
usage stimulated by economic growth and a general fall in tariffs in real terms, especially 
for long-distance calls. 
Data traffic over the PSTN is a popular choice for organisations with a low volume of 
data transmission and where quality problems are not critical.  Over the last five years 
there has been significant  growth  in  data transmission  using fax  machines over the 
PSTN.  The transmission speed normally used for data traffic is 2.4kbit/s, but techno-
logical  developments  have  made  transmission  speeds  of  9.6kbit/s  and  19.2kbit/s 
possible.1  Organisations with  a need for  data transmission frequently use circuit- or 
u"'"'' Ill faa  machlna -.  tranamlu&oa rats m tbll ranac, but adjuat their apeed to oae or a rew rec:opised rate1  (accordiD& to tiDe 
rondltioaa). 
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packet-switched networks or leased lines, as these provide higher quality and reliability. 
However, in the future ISDN offers a transparent 64kbit/s communications channel; as 
. equipment prices fall, PSTNs will become a viable alternative. 
EXHIBIT22: 
PABX 
Leased Lines 
Current Telecommunications Networks 
private circuit 
packet switching 
circuit switching 
Local Switch 
Level 
Trunk Switch 
Level 
Leased lines (also known as private circuits)  - use the public network infrastructure to 
offer non-switched one-to-one communication lines.  These lines may be either voice-
band analogue or else digital, operated at a wide range of transmission speeds.  Leased 
lines are cost-effective for  high-volume data or voice transmission between fixed  loca-
tions.  Leased lines are also  a popular choice for  users with  critical requirements for 
security, availability or a quick call set-up time. 
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Packet-switched data was developed during the late 1970s and 1980s as a means of sup-
porting intermittent, short-burst datacommunications.  It can be supported on the public 
transmission infrastructure (providing this is digital), but uses its own packet switching 
exchanges.  Packet switching is attractive for a wide range of applications, for several 
reasons: it has a low error rate; it can be used to link dissimilar computers; and tariffs 
are almost independent of distance (being based largely on the volume of data transmit-
ted). 
Access to packet-switching networks is achieved either through dedicated data lines or 
via a Packet Assembler  /Disassembler (PAD) which provides user interfaces for access 
via the PS1N, and may include various forms of protocol conversion for specialist appli-
cations. 
A packet-switched data service is available today in nearly all EC Member States, but 
continuous problems with  international transmission2  have slowed  the growth of the 
service, and forced a number of potential users to choose international leased lines as 
their transmission media, despite the higher costs. 
Circuit-Switched Data Networks 
Circuit-switched networks provide a continuous link between both parties.  This is an 
attractive option for those organisations looking for protocol transparency and guaran-
teed bandwidth, and it may offer better economy for those users who would otherwise 
use  digital leased lines.  Other popular applications are for various types of custom-
designed transaction-oriented systems where short call set-up and holding times - but 
high data rates - are important.  Circuit switching is being offered on a very limited 
scale in Europe (in Denmark, France, Germany and Italy).  Speeds of up to 9.6kbit/s are 
available in all these countries, and France and Germany are also offering speeds up to 
1.92Mbit/s.  ISDN is a direct substitute for this service and so overlay circuit-switched 
data networks are not likely to survive very long. 
Network Integration 
European networks are becoming increasingly digitalised; mainly in the trunk transmis-
sion networks, but also in trunk and local switches.  Digitalisation enables the integration 
of transmission resources, hearer functions and physical handling, leading to a more effi-
2  Aa:ordiD& to a atudy doDe by Eusidic (the EuropeaD Alloc:iatioa of IDformatioa Services) ill 1989, 25" or more of IDtenlatioaal calls 
faJied ill ail out ol the tweiYc EC Member Statea. 
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cient use of the network infrastructure, as well as  efficiency gains in operations and 
maintenance. A typical digital integrated network is shown in Exhibit 2.3. 
EXHIBIT 2.3: 
PABX 
Integrated Telecommunications Networks 
Local Switch 
Level 
Trunk Switch 
Level 
Apart from  improving  the utilisation  of physical  resources,  digital  PSTNs  will  also 
provide the basis for the introduction of ISDN, a service which competes directly with 
the packet- and circuit-switched network, as well as with both analogue and digital leased 
lines.  The specific development of  ISDN is discussed in Section 2.3.1 below. 
2.2.2  MI\Jor Trends 
The basic technologies for transmission and switching are expected to evolve over the 
next 20 years and consequently will continue to have an impact on telecommunications 
networks.  Dramatic improvements in cost and performance will lead to major changes 
in all areas: 
..,.  The development of new processes and manufacturing technologies, coupled with 
the use of new materials mean that the techniques and components used (in signal 
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2/ GENERAL EUROPEAN TECHNOLOGICAL PROJECTIONS processing, image compression and encoding, switching and transmission etc.) will 
progress at  - or above  - historical rates.  3  Cheap mass  storage and processing 
power,  together  with  rapidly  falling  transmission  costs  are being  brought  about 
through  improvements  in  basic components  and  the techniques for  using  them. 
These techniques include advances in integrated circuit technologies, opto-electron-
ics  and  optical fibres,  allowing  wave-division  multiplexing  (WDM)  and coherent 
multi-channel  systems  (which  are  already  being  implemented  in  some  core 
networks),  extremely  high-capacity  transmission  systems  and  the _potential  for 
practical optical switching. 
....  These techniques and components feed through into telecommunications products; 
they allow  existing equipment to be made more cheaply and more reliably.  More 
importantly, they bring about fundamental shifts in the cost structure of telecommu-
nications networks  . 
..,..  The changes in cost structure lead to changes in network architectures; for example, 
as transmission costs fall relative to switching costs, the economically optimum num-
ber of switching nodes declines.  Once optical fibre becomes economic to install, the 
transmission cost per bit can be very low.  This process rapidly leads to the centrali-
sation of switching and other network processes  . 
..,..  Parallel  to  these  developments  in  network  equipment  and  architectures,  the 
improvements in cost performance and capability of general IT products lead to 
correspondingly greater demands being put on the tel~mmunications  networks for 
transmission of high-volume information, particularly images.  Developments in sys-
tem design,  software, displays, 1/0 devices and disk drives will  force the develop-
ment of new high-speed computers and workstations, as well as home entertainment 
products such as HDTV.  These developments will also ensure that the subscribers' 
demand for transmission speed and connectivity in the telecommunications network 
will continue to  grow  into  the 21st  century;  although  organisations are currently 
looking for  lOMbit/s LAN-LAN interconnect speeds, they may well be looking for 
140Mbit/s interconnect by the mid-1990s.  Increased demand for transmission speed 
and  connectivity,  and  the  rapid  technological  developments  are  reinforcing  the 
changes in the architectures of the future telecommunications networks. 
This process is shown in Exhibit 2.4: 
3  The aemicoDductor iDdusuy does not eavisqe aay limits oa tbe speed or  de'Yelopmeats, eva beyoDd 2000.  Recat developments haw 
improved tbe  ~peed, COlt.  processiag aad memoty capacity or compoDeDta;  illtepated circuits o«ered a  memoty capadty of 256kb 
DRAM ill 1983, 1Mb DRAM in 1986, 4Mb DRAM ill 1989, aDd are capeded to o«er 16Mb DRAM iD 1992 aDd 64Mb DRAM in 1995. 
Dwilll the aame period, the acau time bas faileD from 200as. ill 1983 to 20111.  iD 1995 (Sotuu: 'I'M ~  IJiuinas ~ 
Dept,  TothibG,  Jopt~~~).  Simllar nta or deYelopmeat c:u be capeded iD ~  optical fibra aDd other tecbDoJosiea, provided 
that market voiWDeS pow. 
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EXHIBIT24:  The Relationship Between Technology and Network Implementation 
Bulc EDabUq Tecluaolopu 
Wafer Scale InteJr&liOD/Ouantum Physics 
Silicon, I1I/V materials (e.g. GaAs &. InP) 
Doped Fibres 
Silica/Fluorides 
+  Technlquea & Componentl 
ICs, RFs, Signal Generators and Receivers 
Displays, Storage, VO unit, Software tools 
Switching techniques, Compression, Signal Coding 
' 
~ 
Network Implementation 
TelecommUDicaUou Proclucu 
Switches, codecs, multiplc:.xers, 
crou-connecu, terminala, 
adaptors, radio, satellite, mobile 
' 
Network Archltectara 
Integrated or Overlay, User Interface, 
Capacity and TraDimiuion Speed 
The Exhibit demonstrates how  development of basic enabling technologies and tech-
niques leads to new products, both in the telecommunications supplier area and the tele-
coms user area.  The developments will certainly lead to improved telecommunications 
products, which will facilitate the introduction of Broadband - initially for the business 
subscriber, and eventually for the residential subscriber.  The improvements in comput-
ing capabilities will certainly continue, and new SLSI4 based consumer electronics prod-
ucts - especially image application products - will require very high transmission rates. 
New networks and services such as Broadband will therefore not simply be pushed into 
the market, but will be the result of both new technology making Broadband available 
and the demand arising from new business and residential applications. 
4  Super Larp Scale latepatlcna. 
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Important basic enabling technologies, techniques and components are: 
....  Semiconductors.  Improved methods  of wafer scale integration and research  into 
quantum  physics  methods  will  improve  semiconductors  (integrated  circuits). 
Replacing silicon with new Group ill/V materials (e.g.  GaAs) will increase speed 
and memory capacity.  The costs of integrated circuits are expected to continue to 
fall at 20%-30% p.a. over the next ten years. 
....  Opto-electronics.  These components convert signals between optical and electrical 
media by the use of lasers or LEDs over fibre optics.  Current research is directed 
towards integration of the various components onto one semiconductor substratum. 
This will lead to a dramatic cost reduction as well as higher performance. 
....  Photonics.  Current research is. using doped fibres as lasers or amplifiers to improve 
transmission  speed  capabilities.  Integrated optical devices  are being developed, 
using optical waveguides to perform switching functions at tens of Gigabits per sec-
ond (Gbit/s) transmission speeds.  Improvements to the fibre itself are also being 
researched; the use of fluorides instead of silica would further reduce transmission 
losses, and thereby lower the costs of global traffic.  The current limitations mainly 
arise from the electronics, and this research will therefore have greatest impact in 
the next century  . 
..,..  System and software design.  Software is now performing a key role in telecommuni-
cation systems, and its importance will continue to grow.  The system design of the 
software ensures that implemented systems are flenble and adaptable, and the soft-
ware quality is crucial for reliability.  The reliability issue is also growing in impor-
tance as software upgrades can be distributed almost instantaneously across a net-
work, rendering it vulnerable to a single fault; most major equipment suppliers have 
recently revised system design procedures in order to ensure higher software quality. 
The quality  requirements have,  however,  lowered  programmer productivity,  and 
have initiated the development of Computer Aided Software Engineering (CASE). 
The establishment of CASE, together with similar developments, has the main pur-
pose of standardising the software production to encourage the use of 'ready-made' 
modules and to increase productivity without compromising quality requirements. 
Telecommunications Products and Techniques 
Major developments in telecommunications products and technologies using techniques 
such as those described above - and other enabling technologies - are likely to include 
the following: 
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..  Switching.  The capacity of a typical electronic switch is currently 64kbit/s.  This is 
now being increased to  2Mbit/s, and advances towards  140Mbit/s and 600Mbit/s 
are expected before the year 2000.  The development of asynchronous transfer mode 
{ATM)  switches  will  lead  to  bandwidth  flexibility  and  better  utilisation  of the 
switching  resources  - A  TM  has  been  adopted  by  the  CCITI in  its  frrst  draft 
recommendation for Broadband.  Optical switches, which will offer switching speeds 
exceeding 600Mbit/s (being dependent only on the bitrate of the transmitted signal), 
are expected to enter the market between 2005 and 2010 . 
..,.  Transmission.  The migration towards fibre optics as a transmission medium has led 
to  a drastic reduction  in  the number  of repeaters (or amplifiers)  required;  fibre 
optics as long as 100lan without repeaters are now practical at 140Mbit/s, and opti-
cal  amplifiers  are being  developed  which  will  enable fibre  optics  to  cover  even 
greater distances, without the need for opto-electronic conversion.  Travelling wave 
semiconductor laser amplifiers (lWSIA) are now available; these facilitate trans-
mission over 1000km or more, at rates of 140Mbit/s to 10Gbit/s using 12 amplifiers. 
Experiments  are being  conducted  with  non-linear  fibre  amplifiers  (such  as  the 
erbium-doped fibre laser amplifier) to achieve better bandwidth, higher frequency 
and lower noise.  Developments in methods of modulation are expected to increase 
the capacity;  during  trials with  sub-carrier modulation  (SCM),  SJStems  spanning 
1000km  using  ten  optical  amplifiers  have  achieved  transmission  rates  of  over 
16Gbit/s. 
..  Multiplexers.  Plesiochronous multiplexers in current use build up capacity through a 
hierarchy of multiplexing modules  - requiring units at three multiplexer levels to 
split  a  140Mbit/s  frame  down  to  2Mbit/s  tnbutaries.  The  move  to  SDH 
(synchronous digital hierarchy) or SONET (synchronous optical network), allows a 
155Mbit/s frame  to  be broken into 2Mbit/s tributaries using only  one electronic 
unit  SDH/SONET also offers the option for the switching and add-drop of circuits 
at rates of N x 2Mbit/s or N x 1.544Mbit/s.5  The new systems take the opportunity 
to  add  improved  network  monitoring,  management  and  control facilities,  which 
increase network flex1bility and reduce overall costs.  Within the SDH framework, 
ATM is likely to become increasingly important as a transmission protocol, enabling 
efficient multiplexing of traffic and usage of capacity.' 
..,.  Passive Optical Networks.  The use of active optical fibre systems in the local loop is 
expected to be economical only by 2000 at the earliest, and to be limited by the cost 
of the equipment at the subscriber's end.  Passive optical networks (PONs) are an 
5  TbeTinte. 
6  ATM (ayac:broDOU&Ilalllfer mode) IIIOIDdlmes wroaJIY  ~prdcd  solely •  a awl1dliDa tecbDiq&  It II beUer l.o thiDk of ATM •  a 
traasmiuioD protocol wbk:b  c:aa  faciUtate  both muJliplaiq of variable (or widely  dlverpDt) bltratc streams  aad 1WitcbiDJ.  'J'bc 
c:oostrudioD of  u  A  'I'M ~Witch II a~  of  A  'I'M beiq used iD a Detwort, DOt a cause. 
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to the residential subscriber through switched star networks, remote stars or digital 
loop carrier (DLC) systems.  The rationale of PONs is that, by eliminating much of 
the electronics (such as remote multiplexers) required, optical fibre can be made 
economical, even just for conventional narrowband services alone, thereby giving the 
TOs  the  double  benefit  of improving  conventional  services  and  also  preparing 
painlessly to upgrade to Broadband services.  PONs are broadcast systems, using a 
tree structure of passive optical splitters to distnbute the exchange signals  to the 
subscribers; equally, return signals from the subscriber are returned by the splitting 
network to the exchange. 
...  Signalling  systems.  The  development  and  implementation  of common  channel 
signalling systems will improve the utilisation of the current networks,  by  using a 
separate channel for  the call set-up  signalling.  Common channel signalling  also 
facilitates the offering of advanced services and applications; current differences in 
implementation of signalling systems' will, for example, limit the number of interna-
tional ISDN services. 
Changes In Network Architecture 
The technological developments descnbed above will result in a series of changes to a 
telecommunications network architecture which has remained largely stable for at least 
50  years.  Changes in network architecture are pivotal to the development of future 
telecommunications  networks;  network  architecture  will be the focus  for  the most 
important issues  affecting  the  development  of telecommunications  over the next  20 
years. 
These changes will be driven by massive falls in the costs of transmission and processing; 
they will affect  the location  of functions  in the network,  enable functionality  to  be 
'plugged in' at arbitrary points, and open up access to high bandwidth.  They will signifi-
cantly impact  on whole-life  cost (by  rebalancing capital expenditure against lowering 
operations and maintenance costs).  Furthermore, they will generate demand for new 
types of investment and enable the rate of innovation to be increased. 
To illustrate these points, we have traced the possible evolution of telecommunications 
network  architectures.  The current situation  may  be characterised by  the following 
Exhibit: 
7  IoteJ'DiltioDal iotercouec:tioo will be based OD 11JP  + lipal1iD& (tbe eDbaDced TeJepboae User Part of SS7), aioce tbia il tbe Aoweat 
CODUDOD denominator iD Europe. 
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EXHIBIT25:  Hiertli'ChW in the CWTent Network 
Transit Network 
(Sometimes merged with 
Junction Network) 
Junction Network 
(Sometimes meraed with either 
tramit or local network) 
The majority of subscribers are connected to the network via copper pairs; in most cases 
each subscriber has one pair from its premises to the local exchange.  8  The pairs are dis-
tributed in cables from the local exchange.  Each cable contains several hundred pairs, 
and  is  progressively  sub-divided  through  road-side  cabinets  or man-holes  until  the 
Distribution Point (DP) is reached.  One or more of the 10 or 20 pairs reaching the DP 
is then taken to the subscriber's premises. 
The main network (consisting of the local exchange and beyond) is usually a complex 
interconnection of switches and links based on a strict hierarchy.  Local exchanges are 
connected to transit or tandem exchanges which switch calls but do not have any direct 
connection  with  subscribers.  A  call  between  subscribers  on  the  local  exchange  is 
switched locally;  a call between local exchanges must go via  some form  of tandem or 
transit switching function.  Sometimes this will be done close to the subscriber, in which 
case  the  call  will  not  travel  up  and  down  through  many  levels;  long-distance  and 
8  Tbe coDDeCtioa may iD fad be achiewd with radio, ..uc:row.ve, cou:ial cable or optical fibre, ud  evea with copper pain therw may be 
10mc coDCeatratioa or multiplaiDJ or tramc: oa Ule same pair.  However, we are dealiD& with tbe majority cue, ud lD architectural 
tmDI k il  curreDlly larply equivaleat for aJaerutM teclmolopeL 
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international calls,  however,  will  travel  through  a large  number  of switching  points. 
Exhibit 2.5 shows only three levels; in practice, a national network may have five or more 
levels. 
The changes to network architecture will  affect both the local access network and the 
main network; Exhibit 2.6 (opposite) shows changes in the local network.  In the current 
typical  local  network architecture,  distribution  from  the local  exchange  involves  line 
lengths averaging around 2km, with a maximum length limited by 10dB transmission loss 
and loop  resistance of 1000 ohms.  The cables  are divided  as they fan  out from  the 
distribution frame in the local exchange, via a series of cabinets and DPs. 
From about 2000 a new local network architecture will become the norm.  The low cost 
of high-capacity optical fibre by this time will enable replacement of at least some of the 
local access  network,  and  offer the potential for  direct fibre  connection.  It is  likely, 
however, that in most cases the fmal drop to the customer will remain copper for some 
time (at least for  residential and small business customers),  as  the cost  of the opto-
electronics for converting to metallic transmission can be cut by a factor of 10 or 20 if 
this is done at the DP rather than on the subscriber's premises.' 
Equally important {from the network operator's point of view) is that once the traffic is 
being carried on a low-cost optical fibre it is cheaper to haul the traffic up to a remote 
switch  rather  than  use  the  existing  local  exchange  (LEX).  The  LEX  will then  be 
replaced by a multiplexer and concentrator (and also possibly a digital cross-connect for 
alternative access routes), and linked to the previous LEX site by optical fibre.  In this 
case the access line lengths could be increased substantially, and may average over 20km 
or30km. 
These changes will also affect the topology of the local network (which is no longer quite 
so  'local').  This  is illustrated in  Exhibit  2.7  (overleaf), where the current method of 
hierarchical  switching  is  compared  to  a  future,  flatter  network  structure,  which  will 
become the norm around the year 2000.  The LEXs will all be replaced by concentrators 
and  multiplexers with no  switching  functions,  and  linked together by  an  optical-fibre 
ring.  Switching will then be done at one point (which may of course either be in the ring 
or remote from it).  The ring represents one possible form of the optical-fibre link shown 
in the previous Exhibit. 
_  Analy..sy.s __________  ~-__..~~~~ 
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EXHIBIT 2. 7:  Current and Future Local Access Topologies 
Current Topology 
Possible Future Topology- expected to become the norm tuOund the year  2()()() 
with no 
switching 
function 
Switch 
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The changes are just as profound for the overall network.  Optical-fibre systems (either 
as rings or other structures) will be interconnected via multiplexers and cross-connects; 
.switching will be carried out in  the higher reaches of the network,  and  the switching 
nodes  will  be  interconnected  with  very  high-capacity  links.  Processors,  controllers, 
service  access,  management  and  other functions  will  also  be remotely located;  with 
transmission no longer a scarce resource, these can be situated anywhere and linked into 
the network at a high level.  These changes mean that the network could evolve towards 
the kind of overall architecture shown in Exhibit 2.8 (overleaf); we expect this to become 
the norm soon after the year 2000.  In this illustration local access is  achieved via  a 
mixture of optical fibre,  copper pairs and radio systems.  For residential subscribers a 
CATV system shares passive optical and other type of distribution networks; business 
subscribers have a wide variety of access capacities and techniques open to them via 
multiplexers (on their own premises in the case of larger establishments, and via remote 
units in the case of small businesses). 
In Exhibit 2.8, 'M' .represents a multiplexer, and 'RCU' represents a remote concentra-
tor unit.  The many hierarchical levels of the old network have been superseded by a 
flatter structure based on interconnected cells and sub-cells.  Within cells, SDH rings and 
drop-and-insert links  provide the connection  between  the local access  and  the main 
network.  Some switching is done at this level for connections parented on individual 
rings;  these  rings  and  other links  are connected via  gateways  to  high-capacity  SDH 
systems, which together cover a cell spanning hundreds of thousands or perhaps millions 
of subscribers.  Management of the services within each cell would probably be achieved 
at  this  leveL  The  cells  themselves  are  interconnected  via  extremely  high-capacity 
systems which would span distances of up to several hundred kilometres, and encompass 
many millions of subscribers. 
2.2.3  1be Longer Term 
Beyond  the  developments  described  above,  the provision  of a  complete  fibre-optic 
network will form the basis for the introduction of Broadband.  Initially, this will be for 
business subscn"bers, as indicated in Exlubit 2.9 (overleaf).  Eventually, however, it will 
be  feasible  to  extend  Broadband  to  all  subscn"bers,  including  small  businesses  and 
residential customers.  The speed of this process will depend on the cost/performance 
developments of both the transmission media  (optical fibre)  and the switching equip-
ment  - as  well  as  on  the circumstances  in  individual  states  (subscriber  density,  for 
example).  As A  TM is considered extremely efficient and flexible in terms of bandwidth 
allocation,  it  will be used  initially  for  transmission  and  then  for  switching  purposes, 
combined with the synchronous transfer mode in the distribution, by using a standard 
'cell' length, and by making A  TM and the 'physical media dependent' layer independent 
of each other.  This may make initial implementation complicated, but enables the TOs 
to offer Broadband early, while maintaining fleXIbility for future networks. 
_  Analy.sys ____  ~.......,._~~~-----~  .......... ~~~~~~ 
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In the longer term, towards 2010, the ATM solution is most suitable, and the implemen-
tation of Broadband is therefore most likely to take the shape of an overlay network 
gated to the existing circuit-switched network.  The overlay network may take the form 
illustrated .in Exhibit 2.9, where the existing optical-fibre trunk network is utilised, and 
an  optical  ether network  is  used  in  the ATM-ATM  interconnection  to  by-pass  the 
problem of switching the high bitrates corresponding to the total data throughput; this 
approach requires no new infrastructure.  The 'optical ether' approach would require a 
system of wavelength references and combinations, and multi-access protocols, but this 
would overcome the electronic limitation on the total throughput of information.  Such 
an approach would  be consistent with  the development  of the network  architecture 
shown in Exhibit 2.8.  The functionality of the optical ether concept has already been 
successfully tested - by BT Research Laboratories during 1989. 
EXHIBIT29:  Long-Tenn. 'Optical Ether' Network (expected to become the nonn 
soon after 2000) 
_  Analy.sy_s --------------------~~~~-
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a commercial entry as early as 2005.  Once these begin  to be installed, high-capacity 
integrated circuits will enable the use of distributed switching (that is, switching at each 
distribution or subscriber point).  Ultimately, the network will  then be flattened even 
further, with very few high-capacity main switching centres and with the local switching 
distributed to the distribution or subscnber te~ation  point.  The fibre optical 'rings' 
will be interlinked via digital or optical cross-connects, electronic or optical multiplexing 
and the main switching centre. 
At that point (probably beyond the scope of this study), improvements in the utilisation 
of fibre optics as a transmission medium, coupled with electronics and opto-electronics 
capable of handling high transmission speeds, will. lead to the offering of  local loops with 
transmission speeds exceeding 600Mbit/s.  This capacity may be used for high-quality 
videotelephony services,  and new interactive value-added services; these would utilise 
the improved transmission rates to offer fast response times and high-quality video dis-
plays. 
2.3  O'IHER TELECOMMUNICATIONS NE'IWORK SERVICES 
Having discussed basic services, in this section we consider both the current situation 
and future developments for a number of other telecoms network services (which could 
be carried on the networks described above): 
..,.  ISDN (Section 2.3.1) 
..,.  Broadband (Section 2.3.2) 
..,.  mobile communications (Section 2.3.3) 
..,.  cable TV (Section 2.3.4) 
..,.  satellite communications (Section 2.3.5) 
..,.  telex (Section 2.3.6). 
2.3.1  ISDN1° 
Overview 
Increasing cost-effectiveness means that the implementation of digital transmission and 
switching is accelerating in all European countries.  Many TOs now have the ability to 
10  Pana of th• IOdloo  - iDdudiDJ  the p-apbia  - are Copyript (e) ADalylyl UmHed  1990,  u  they Uve alrady appeared iD  material 
pubU.bed by Analylyl (IN ISI>N - till c4J~  p  &ult Rllk, ADalylys Publk:atioDI, 1990).  Reproduced here wttb permillioD. 
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offer  end-to-end  switched  digital  bearer  services  - the  main  one  being  completely 
transparent 64kbit/s channels using standard interfaces: ISDN. 
In anticipation of the completion of network digitalisation, the CCITT initiated the work 
of developing ISDN, a standard for the provision of integrated digital network setvices. 
The resulting functional groupings and reference points can be studied in Exlubit 2.10: 
EXHIBIT 210:  Functional Groupings and Reference Points in the CC/7T ISDN 
Reference Model 
R  s  T  u 
NT2  ~~--~~ Nn  ~~~--
1  J 
I  TEl  f~----------;.-----t 
'---~ 
TA  Terminal Adapter: allows non-ISDN terminals to connect to the ISDN 
TEl  ISDN terminal 
TE2  Non-ISDN terminal 
NT2  Customer premises network (e.g. PBX, LAN, multiplexer, communications processor) 
NT1  Customer interface to ISDN 
ISDN offers two interfaces: 
...  Basic-Rate access; two 64kbit/s channels for speech or data, and one 16kbit/s chan-
nel for signalling and data transmission - a total of 144kbit/s  . 
..,.  Primary-Rate access; 30 x 64kbit/s channels for speech or data, one 64kbit/s channel 
for data and signalling and one 64kbit/s channel for framing and alarms - a total of 
. 2.048Mbit/s. 
Since the packet-switched data services are aimed at the same target market as ISDN, 
the CCITI has  recommended  the provision  for  packet  access via  the data channel;u 
considering the low signalling rate required to handle the 64kbit/s speech or data chan-
nel, the 16kbit/s data and signalling channel in the Basic-Rate access should be able to 
11  The demud for pac:llet...ntcbed daLIICI\'ic::a il illc:ralia& rapidly wills &be aew cle\'elopiDeD&I iD computer ud  lllformatioa tedmokll)'. 
Tbere 11 DO doubt Uaat tiUI tread will coDtlDue, evett will  &be lalroductioD or r..t cin:ult4WIIdled data ~ervicel •ucb u  ISDN. 
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48  or 64kbit/s are to be used, they have to use the main 64kbit/s channel.  To avoid 
complex problems of channel selection for incoming virtual calls to ISDN-based packet 
terminals, the customer will  already register for packet access for either the 64kbit/s 
channel or the 16kbit/s channel. 
ISDN Features and Services 
ISDN offers the following features for subscribers: 
~  ISDN Telephony calls.  Calls with a complete digital transmission path will benefit 
from improved voice quality with little or no noise.  The 64kbit/s channel can either 
be  used  for  higher  bandwidth  (e.g.  7kHz)  to  further  enhance  speech  quality 
compared  to  the standard 3.1k:Hz  bandwidth,  or to carry  more than one voice 
channel Other benefits will include fast call set-up, and call identification. 
~  ISDN Data calls.  The transmission of data does not require a modem (although 
other equipment will be required to provide the necessary interface). 
~  ISDN Voice/Data calls.  When this option is specified in the call set-up, the network 
will set up the call as a voice connection, but ensure that an all-digital connection is 
being used.  The user can - during the call - switch to the data mode (e.g. in order 
to send a fax)  and back, and the signalling channel will ensure that the appropriate 
ISDN terminal is seized. 
These features will be used to provide a number of services, such as: 
~  Group 4 facsimile.  The transmission time for an A4 page with the 64kbit/s rate will 
be reduced to 6-10  seconds.  This, combined with higher picture quality, makes it 
very attractive for a number of  professional groups. 
~  Slow-scan TV.  The refreshment time for a 64kbit/s rate 1V  is 3-4 seconds, making it 
sufficient for the security and medical markets  . 
..,.  VIdeotex.  Existing services  are based on  analogue transmission systems,  typically 
operating at 1.2kbit/s.  An increase· to  Skbit/s or 64kbit/s will  make the service 
faster and make videotex  more attractive in applications such  as retailing where 
customer service time is important. 
Exhibit 2.11 illustrates how the different services can be connected to the ISDN access. 
Access to the ISDN is handled in two ways, to take account of the wide range of applica-
tions ISDN can support, and different user requirements.  Large corporate users wishing 
~~~~~~~~~~~~~---- Analy.sy_s _ 
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to integrate voice and data communications through their PBX will generally opt for the 
30-channel option known as Primary Rate.  Smaller organisations, and those requiring 
less frequent access will take the Basic-Rate option, which provides two channels.  Each 
channel - whether in the Primary or Basic-Rate option - provides transmission capac-
ity  of 64kbitfs.  In both  options  there  is  also  an  extra  channel  for  signalling  (the 
D channel). 
EXHIBIT 211:  Prinuuy Rate (30B +D) and Basic Rate (2B +D) 
host 
database  computer 
digital 
phones 
fax 
video 
terminal 
phone  fax 
data 
terminal 
PC 
Primaly  Rate 
IS PBX 
JOB+D 
.10 611rJJit/.t betur 
clulnMb +  .r/pll//bw 
BuicRate 
2B+D 
2 641Jit/.r /JetJir 
cJuznMI.r +  .r/pll//bw 
The penetration of ISDN in Europe depends on a number of factors: the availability and 
coverage of ISDN,  the marketing efforts put forward  by  the TOs,  the quality  of the 
offered service, and the costs for the user in comparison with existing alternatives. 
The availability and coverage of ISDN services is determined by the digitalisation of the 
national network.  Countries such as the UK, France and Germany can already provide 
widespread  or nationwide  deployment  of ISDN,  and  indeed  have  begun  to  do  so. 
However, the majority of the EC countries are still in the early phase of shifting from an 
analogue to a digital network, and only ISDN trials or pilot services on a limited scale 
are being offered.  This cautious introduction of ISDN is partly a result of the delays 
experienced by the CCITI in setting final ISDN standards.  The delays in offering ISDN 
_  Analy_5l!S ------------------------- 2/ GENERAL EUROPEAN TECHNOLOGICAL PROJECTIONS in Europe mean that the costs of ISDN equipment for the customers' premises will be 
higher than originally expected, thus suppressing penetration. 
Alternatives to ISDN 
The existing alternatives to ISDN can be grouped as follows: 
~  Digital  leased  lines.  These lines  offer  the same transmission  quality  and  speed 
capability as ISDN.  They also exclude the need for special ISDN equipment, but are 
only suitable for high-volume users communicating with a limited number of sites. 
~  Analogue leased  lines.  This is  a  declining option but still suitable for  a  small to 
medium-sized user where cost is more important than speed or quality. 
~  Packet- and circuit-switched networks.  Although these are more limited in applica-
tion than ISDN, they do remain a strong alternative for the smaller user unwilling to 
make substantial investment in ISDN equipment.  These networks are well devel-
oped in a number of European countries, and will probably co-exist with ISDN for 
sometime. 
~  Public switched telephone network.  Although expensive and providing low transmis-
sion quality, the PS'IN is still the best alternative for small users with Group 3 faxes 
and modems. 
2.3.2  Broadband 
Overview 
By providing a transparent 64kbit/s communications channeL ISDN will open up possi-
bilities for  integrated voice and data transmission.  However, requirements from  the 
business community will continue to grow in terms of both services available and trans-
mission speeds; both the demand pull and technology push will move networks towards 
the ability to support Broadband. 
Broadband offers the integration of  voice, high-speed data transmission and audio-visual 
transmission.  Initially,  the business community will mainly be interested in the high-
speed data transmission capability, but other applications such as videotelephony, video-
conferencing, retrieval services and high-speed fax are expected to grow in importance. 
----------------Analy.sy.s _ 
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ISDN is based on digital64kbit/s transmission; it can be implemented on existing digital 
networks.  Similarly, Broadband will be based on high-capacity transmission and switch-
ing systems implemented in order to take advantage of the cost and operational benefits 
of new network architectures.  Broadband needs new switching technologies and high-
capacity  trunk  systems  to  cope  with  higher  transmission  rates;  the  current  digital 
switches  are  based  on  circuit-oriented  synchronous  time-division  technologies~ and 
therefore cannot easily or cheaply support rates above 2Mbit/s (or 30 64kbit/s chan-
nels).  But, within the new architectures, new systems based on SOH, A  TM and optical 
fibres  in  the local  loop  can  provide the  high  capacity  necessary for  the provision of 
Broadband. 
We conclude from this that the take-up of Broadband will be considered economical for 
small and  medium-sized organisations only by the end of the 1990s, and not until the 
21st century for residential users. 
Broadband Standards 
The CCITI study group xvm has made recommendations for Broadband, including a 
definition  of functional  characteristics,  service  aspects,  general network  aspects  and 
user-network interface. 
We  expect  that  Broadband  will  offer  the  subscriber  an  interface with  transmission 
speeds based on 2Mbit/s, 45Mbit/s and  145Mbit/s on the network terminal interface 
equipment.  The subscnber can then (in a tlextble manner, through the terminal adap-
tor) have this capacity split into a number of Basic-Rate Access {144kbit/s), Primary-
Rate Access (2Mbit/s) and Broadband access (between 2Mbit/s and 145Mbit/s) chan-
nels.  This split  will  enable  the subscriber  to  use  existing  ISDN  equipment  such  as 
ISPBXs, Group 4 faxes and ISDN PC cards. 
Broadband Services 
Broadband would  offer  the  following  services  in  conjunction  with  the existing  ISDN 
services: 
~  Vuleotelephony.  This service  is proving particularly useful  in  complex  discussions 
which can be supported with the interactive use of graphs, pictures and computer-
stored graphics.u 
u  Note.  bowewr, u.t llllpromDema  iD  lmap ~D  ledualqu. uc1 tbe  f.IJliD& colt or ProcaaiDa power meaa u.t fuU  motioD 
colour YideotC'Iepbony II alrelldy .vallable ewer N·ISDN Ualla.  'The crtlbl illue wOJ be wbetber tbe impnMMI qualily wOJ be worth tbe 
addiUoul toll of Bro.dband. 
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set to become popular within large organisations.  The service is already available in 
the USA and Europe, where it is proving especially popular within the aerospace, 
telecommunications  and  drugs/pharmaceutical  industries;  it  is  also  used  by 
computer and non-bank fmancial organisations. 
...  High-Speed Data  Transmission.  Potential applications include IAN-LAN intercon-
nection  and  real-time  distributed  graphics  processing  for  CAD/~  systems. 
LAN-LAN interconnection is today based on lines leased from the TO, generally 
limiting the transmission rate to 64kbit/s or 2Mbit/s; typical LAN rates are 4Mbit/s 
to lOMbitfs.  Other applications lie in the areas of videotex, documentary databases 
and moving images. 
...  High-Speed Fax.  This is based on a transmission speed 30 times higher than that for 
a  Group 4  fax,  and will provide very fast  high-resolution  transmission of colour 
documents. 
Broadband Implementation 
The obvious initial service offering on Broadband for the residential subscnber is cable 
distributed television and radio.  By combining cable TV and telephony, fibre-to-the-
home may be considered economical by the late 1990s.  The development of cable TV 
service varies across Europe, but one possible outcome in European countries is that the 
TOs will implement and control the Broadband facility for the subscriber, and that sepa-
rate commercial cable TV organisations will provide television and radio transmission, 
and possible interactive services over the TO's subscriber lines.  Residential subscribers 
will then initially be offered Broadband services through passive optical networks, these 
being most economical for the network provider.  Services with very high transmission 
requirements such  as cable TV will initially be provided  through  broadcasting on a 
common  channel  on  the  fibre  but,  with  improved  signal-transmission  equipment, 
narrowcasting and switched services may be made available. 
A possible path towards an integrated Broadband communications network (IBCN) is 
through an evolutionary process; firstly, the creation of Broadband islands in metropol-
itan areas; secondly, a limited switched Broadband network formed by interlinking the 
islands; and thirdly, integration of the Broadband islands networks with the Broadband 
networks and the broadcasting networks.  This new approach has been adopted by the 
CEC's RACE Programme for several reasons: 
...  there is a perceived early demand for Broadband services such as LAN-LAN inter-
connection (which requires high transmission rates) 
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~  the value  of a  Broadband network will be  in its  universality,  so  the wider  the 
geographical scope the better the chance of early adoption and development 
~  users willing  to  pay  high  prices  can  be given  access  without  having  to  build  a 
complete network. 
The fli'St  stage  of this  development  is  the creation  of metropolitan  area  networks 
(MANs).  MANs are intended to offer LAN data rates and above (up to lOOMbit/s) 
over a  large area,  thus breaking the speed  restriction of current private wide  area 
networks (W  ANs  ),  which are based on TO leased lines.  MANs are currently being 
developed in the USA; Bell Atlantic, Nynex and US West scheduled trials in  1990 for 
LAN-LAN interconnection. 
The development of MANs may be further accelerated by the deregulation of the data-
transmission market in 1992, in accordance with the EC Green Paper. Private operators 
may in 1992 provide MANs without the voice facility, but based on optical-fibre technol-
ogy, and with the possibility of incorporating voice at a later stage.  Furthermore, private 
MANs are considered to be a part of a future IBCN. 
The next phase in the path towards IBCN is the link-up of the European MANs.  This is 
being developed on three fronts: 
~  EC Member States have undertaken to link up all capital cities of the Community by 
1994, based on completing existing and planned optical trunk networks.  This activity 
is being co-ordinated through the CEC's RACE Programme. 
~  International administrators such as Cable and Wireless are planning to invest sub-
stantial amounts in the optical fibre link-up of major European economic centres, 
achieving economies of scale and marketing advantages by integrating the European 
network with its intercontinental network. 
~  A consortium formed by European railway operators is currently considering enter-
ing the optical fibre  trunk network market  By  using existing railway lines,  the 
consortium would  enjoy  two  advantages:  a  fast  and cheap implementation  of a 
Europe-wide fibre optical network, and a network which has access to the centre of 
the  metropolitan  areas  where  link-up  with  MANs  and  other  networks  can  be 
achieved without the need for ducting (thus by-passing the TOs  ). 
The increasingly competitive situation on the Broadband trunk network indicates that 
transmission costs are set to fall,  and that European-wide coverage may be achieved 
more quickly than predicted. 
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Overview 
Radio telephony has traditionally been implemented by using high-powered  ~ntennas 
covering large  areas,  with  a  fixed  frequency  allocation  for  each  subscriber  or call. 
Wasteful use of the radio spectrum limited the number of subscribers, and interference 
problems gave a patchy and unreliable geographical coverage.  These systems were even-
tually improved by the availability of a wider radio spectrum and, as importantly, by the 
development of technologies which maintained service availability as the mobile passed 
between cells.  This meant that boundaries could be drawn around small areas or cells, 
and frequencies could be re-used in other locations where interference would not occur. 
Technical developments also  meant that the price and weight  of the radio handsets 
could be reduced, whilst their functionality could be significantly increased. 
These changes led to the introduction of analogue cellular systems which dramatically 
improved the subscriber capacity and network reliability.  The booming demand for this 
new service surprised even the most optimistic service provider, and the potential of the 
service has led to considerable interest and investment; mobile services seem set to grow 
rapidly through the 1990s. 
Cellular radio systems are the main area of development in mobile technology.  They are 
based on the following network architecture: 
..,.  Base Stations.  A base station forms the centre of a radio cell, and - together with 
other base stations - is linked to a particular base switching unit.  The functions of 
the base station are: to receive calls (either new calls from a subscriber or 'hand-
over' calls  from a  different base  station); to initiate calls  to a  subscnber; and to 
administer the frequency allocations within the cell. 
..,.  Base Station ControUer.  The most obvious effect of the cellular system is that each 
call must be tracked, so that when it leaves one cell it can be handed over to the next 
cell automatically without call interruption.  This function involves substantial inter-
cell control and signalling, which is handled by the Base Station Controller  . 
..,.  Mobile Switching Centre.  The Mobile Switching Centre links all Bases, and controls 
the roaming between different Base Station Controllers.  It also handles the inter-
face with the operations and maintenance unit and the billing systems  . 
..,.  Operations and Maintenance Centre.  This plays a role in the operations, maintenance 
and administration of a  mobile system.  Cost and revenue control is  particularly 
important, as a significant portion of cellular traffic uses parts of the TO's network. 
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•  Multiplexing units and radio links.  The link-up of base stations and the Base Station 
Controllers can either be done through leased lines and multiplexing.  or using a 
radio link. 
The tracking (or roaming) facility of the cellular systems is illustrated in Exhibit 2.12 
below. 
EXHIBIT 212:  Cellular Systems: Roaming 
Subscriber A's transfer from base station 1 to base station 2 is controlled by the Base 
Station Controller, which controls the base stations in those two cells.  Subscriber B's 
transfer from base station 3 to base station 4 is initially controlled by the Base Station 
Controller connected to base station 3; realising that the subscriber is moving out from 
its area, the Base Station Controller interacts with the Mobile Switching Centre in order 
to locate the receiving Base Station Controller.  The subscribers are allocated a  new 
frequency when they enter a new cell, which facilitates an efficient use of the available 
radio spectrum. 
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required, which in tum depends on geographical coverage (limited by frequency band)13 
and channel capacity. 
A cell's capacity is  determined by the frequency spectrum.  If  this capacity is exceeded 
(in very urban areas, or along congested traffic routes, for example), special configura-
tions involving smaller cells have to be used.  This makes inter- and intra-cell control and 
signalling very complicated and requires the use of substantial amounts of capacity in the 
Base Station Controller.  The use of smaller cells in very urban areas can also be costly 
in terms of finding and negotiating sites. 
Despite the use of smaller cells, current operators of cellular systems in very urban areas 
such  as  London have not avoided  the problems of call  interruption interference and 
crossed lines.  The use of smaller cells can only expand capacity up to a certain extent; 
this is one reason why most operators are looking to introduce digital cellular systems. 
Digital Cellular Systems 
The digital systems, apart from offering higher transmission quality, better use of the 
frequency spectrum,  14 and enhanced security, enable the operator to use smaller cells in 
order to boost capacity.  Smaller cells also mean that the handset can be made smaller, 
with  reduced battery needs, which in tum implies lower costs  and potentially higher 
penetration. 
111- The higher transmission quality will  enhance call  quality and facilitate the use of 
ISDN services through the cellular handset.  The data rate available over air limits 
the number of ISDN services that can be used, but it does facilitate datacommuniC2-
tions without the need for an external modem  . 
..,.  VLSI  technology  and  standards will  enable equipment suppliers to provide sub-
scriber  and  base station  equipment which  is  both cheaper and  smaller than  the 
current systems. 
111- Digital  systems  will  enable  the  operator  to  offer  pan-European mobile  services 
based on the GSM15  standard.  This will enable the user to use the handset in any 
13  The posrapbical raoae of  a bue ltatioa depeDdl to a put  ateat oa tbe flequeoc:y the operator bu beea alloc:atecl.  The early 4SOMHz 
sya&ema haw a maximum a:werap of  20km, aultable lor lowodeaaity an:u where bip poppbical  COYel'llp il  dellrable, ud  tbe more 
advaDc:ed 900MHz sya&ema with a c:overqe of a few  kilometre~. mo~  auitable for  hlp~ity  an:u.  The DeW GSM ltaDdards (DCS 
1800) bavr much amaller rao~•  ADd ~  auJtable for very low power bandletl ADd hlp  deiDUld deaaities. 
14  The dl&Jt.aJ  sya&ema ~  the use or time divi5ioa multiplexinl (TOM) - this can bOOit c:apadty within a ceU by a factor of  2 to 3 by 
U5inl the radio spectrum iDa more el!ic:ieot wry. 
J.S  Global System  for MobUec:om.munlcatioas,  previously  referred to u  'Groupe Spkiale Mobile',  a ltaDdud developed  by CEPT for 
digital ceUular systems. 
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European country (with the billing transferred automatically).  Alternatively, foreign 
telephones can be used (this requires a smart card from the user's own telephone to 
be plugged in)  . 
..,.  The capacity can be further boosted in very congested areas by the use of micro-cell 
technologies. 
Digital systems will not only enhance the service offering from the cellular operators, but 
will also act as a springboard for Personal Communication Services (PCS).  One of the 
most important service offerings here is likely to be the PCN (Personal Communications 
Network).  PCN operators intend to offer the user a small, light, pocket telephone that 
can make and take calls throughout the network.  The PCN concept differs from current 
cellular systems in a number of ways: 
..,.  Size  of the  handset.  Current cellular  handsets  are dimensioned  primarily  to  be 
installed in cars and for use in large cells.  The personal communications network 
will consist of a very large number of small cells, thus decreasing the need for trans-
mission power from the handsetl' 
An example of the developments projected by the Japanese TO (N1'T) is shown in 
Exlubit 2.13 overleaf; the sizes and weights of such devices open up the possibility of 
a completely new era in mobile communications.  Handset size depends on network 
availability; the greater the number of subscnbers, the greater the density of base 
stations, and the more rapidly handset size can be reduced  . 
..,.  Differentiated roaming facility.  The operators will offer subscribers different levels of 
roaming: with the basic level, calls can only be set up and received in pre-specified 
areas; the second level allows the subscriber to set up and receive calls in any area, 
but not to change cell during the call; the third level is the full roaming facility.  Less 
inter-cell  control  and  signalling  also  reduces  the  load  on  the  Base  Station 
Controllers,  and  makes  the  network  cheaper,  both  in  terms  of investment  and 
maintenance. 
The marketing drive will be particularly important for the success of PCNs.  Since the 
capital investment required for the implementation of a network consisting of small cells 
on a national scale will be relatively high, PCN operators will be able to survive only if 
they achieve high penetration.  Furthermore, if  high penetration is achieved, it will be 
16  Mercury PcnoDa1 Coauawaicatiolll, oae or tbe tbree UK PCN CiODIOftla, IJMidfieiiU PCN laudlet u  welpt 25S  pam~,  1iz.e 35 1 68 1 
120 1D1D with a muim111D oulpul of 1 W.U. 
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poSSlble to reap economies of scale in terms of handset production, and prices will fall. 
As  usage  charges fall,  PCNs  may become price-competitive with  the fixed  telephony 
service.  Consequently, PCN operators may pose a significant competitive threat to the 
TOs,  in  view  of the additional  advantages  they can  offer  (personal handsets and  -
eventually - a Community-wide roaming facility). 
Mobile Data Networks 
Another new application of digital cellular technology is mobile data networks.  Based 
on the same architecture as for the cellular systems, it offers a cost-effective way for fleet 
operators (such as the police, transport companies and taxis)  to transmit data.  Fleet 
operators have traditionally been allocated a limited number of radio channels for voice 
traffic.  Thus, each operator had to implement a complete radio system which had only 
limited capacity and was very wasteful in terms of radio spectrum.  This system could be 
improved with the implementation of a trunked radio network, but a system based on 
the digital cellular technology can offer a number of additional advantages: 
•  Data transmission  to  a  data terminal is a  more  reliable  way  of communicating 
complex instructions and messages.  Encrypted transmission also offers greater secu-
rity. 
•  The cellular architecture offers a fle.XJ.ole  way of providing geographical coverage. 
The service is focused on urban or very urban areas, but some nations are building 
national mobile data networks.17 
•  The system can be shared by an unlimited number of operators, which makes it very 
price-competitive with current trunked radio systems. 
•  The system offers high capacity, which can be further boosted by the use of micro-
cells in very congested areas. 
Cordless Telephony 
Cordless phone technology (which can be based on an analogue or digital system) brings 
the subscriber the ability to make phone calls in a pre-specified zone with a lightweight 
17  Cute1, tbe Cuacllu NatioDal Cellular seMc:e provider U80UDCIId ID 1989 tbat It  wDI build a DatioDa1 mobile data Detworlt for Cuad&. 
It wiD  ase tbe Mobla system,  wbic:b also offcn wice commuaic:.tioD, Ia aceptioul c:irc:umstaaca oal)'.  JU 1ea1t tbree c:ompet1Da 
mobile data aetworb wW be lauac:bed Ia tbe UK dartDa 1991·92, aDd similar aDDOUIICieiDadl baYe beea made Ia Pruce aDd tbe USA. 
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and its main applications are: 
~  in the office for two-way cordless telephony 
~  for residential use as a two-way cordless telephone 
~  for public access (Telepoint services). 
The  competing  digital  European  cordless  telephone  (DEer)  is  based  on  a 
TDMA/TDD19  system.  This  system  will  become  available  in  1992  and  will  offer 
improved  spectrum  efficiency  vis-l-vis  the  CT2  system.  Due  to  the  nature of the 
components required for DEer  it is likely that it will be more costly than CT2. 
In  the  UK,  Telepoint  services  have  been  in  operation  since  1989.  By  allowing  the 
subscriber to make outgoing phone calls only within 100 to 200 metres of a base station 
(an area described as  a 'zone'), and by denying the subscriber mobility,  the Telepoint 
operator gains several advantages: 
....  Base stations do not have to receive incoming calls from  other base stations, and 
they do not need to search in order to set up a call to a handset.  This keeps the 
base-station equipment and the network simple. 
....  The operator does not need to provide full geographical coverage.  Base stations will 
simply be positioned where the target customer groups are concentrated - in places 
such as congested high street areas, train and bus stations, for example. 
....  Without roaming facilities and with minimum transmission power, handsets are very 
small and cheap. 
....  The Telepoint service can be combined with a paging facility (including the offering 
of handsets with built-in pagers); this effectively makes Telepoint a limited two-way 
communications service, since calls can be originated as well as received.  Another 
possibility is  to  offer  a facility  for  the subscnber  to  log  on  to  the system  when 
situated within  a Telepoint  zone  - the  subscriber  will then  be able  to receive 
incoming calls during the log-on period. 
To date, however, the Telepoint services in the UK have not been a success.  There was 
an  initial problem of incompatibility between the different Cf2 networks,20 which was 
eventually resolved by the adoption of a standard Common Air Interface (CAl).  Other 
problems included the high price of handsets and the lack of awareness of the service 
18  Frequcac:y DMiioD Multiple Aa::as{rwe I>Miioo Duplex. 
19  Tame DMsioD Multiple Acx:eu{rwe DivilioD Duplex. 
lO  Four dHfereDt operators were puled liceDC:a to r1111 CI'2 DetworU. 
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and  what  it  offered.  A possible  explanation for  the failure  of Telepoint  marketing 
efforts is that the wrong customer group had been targeted.  CI'2 may have been better 
applied to the office market (cordless P  ABXs)  rather than the Telepoint offering,  so 
that immediate cost savings (in the form of wiring costs) would be apparent to a poten-
tially huge customer group. 
Satellite Mobile Communicatiom 
The new digital cellular systems based on GSM are intended to offer Community-wide 
mobile telephony.  The actual coverage of Europe will, however, continue to be patchy 
for the foreseeable future, and this, combined with a non-existent cellular coverage of 
the open-sea areas, means that satellite mobile communications will have an important 
role to play in the future European telecommunications market.21 
The basic architecture of mobile satellite systems is similarly independent of the applica-
tion; the mobile unit is equipped with a mobile terminal antenna and a mobile terminal. 
This communicates with an earth station through a space transponder.  The earth station 
can function both as a hub, forwarding the CQIIUllunication to another mobile unit, or as 
a gateway to the public telecommunications network. 
Inmarsat,  which  currently  operates  a global  satellite system  for  maritime  and  aero-
nautical satellite communications, provides for: 
.,.  Maritime mobile satellite services; based on the analogue standard-A terminals, it 
includes PSTN services such as telephony, data and limited video transmission and 
can be used to link up a ship's local area network.  Cheaper, lighter and better than 
conventional radio communications, it is set to replace the current radio equipment 
during the 1990s.  A new digital standard-B terminal will be on the market in  1992-
93 for the top end of the customer market, offering data rates of 9.6kbit/s  . 
.,.  Aeronautical mobile service; the installation of special aircraft earth stations facili-
tates telephony service for aircraft in most areas of the world.  The service was initi-
ated in  the beginning  of 1989  and  several  carriers including Singapore Airlines, 
Cathay and Virgin have declared their intention of offering this service  . 
.,.  Land  mobile  service;  using  standard-C earth stations22  which  are compact,  light-
weight, and transmitting data at 600bit/s, this service is currently being implemented 
in Europe.  The service will  be an interesting alternative for  those involved with 
long-distant transport in  areas without sufficient cellular coverage.  A standard-M 
2l  AD example of this II tbe .,.,licatioD propoled by Motorola iD tbe Iridium Project. 
22  Thele are eurmstly IIYallable iD a pre-produdioD formaL 
_  Analy.sys ------------------~  ........... ~~~~~ 
2/ GENERAL EUROPEAN TECHNOLOGICAL PROJECTIONS terminal is  being developed;  it is  expected  to  be offered at the same price as  a 
standard-C  terminal,  and  to  offer  telephony  and  2.4kbit/s  data  transmission 
(facilitating group  3 fax  traffic).  The standard-M terminal can  also  be used  by 
smaller maritime vessels. 
2.3.4  Cable Television Networks 
Overview 
Cable television (CA  1V) networks have been in existence for almost 50 years, and were 
initially introduced as a way of providing TV and radio to people living in areas where 
terrestrial transmission techniques did not work satisfactorily.  Technically, the solution 
was to invest in a high-performance receiving antenna (the head end) and to connect all 
served households with cable through signal amplifiers.  Two cable TV denominations 
have developed from this: 
~  Community antenna television  systems  distribute the received  signals  to a  large 
number of homes in towns and villages.  They contain special compensating equip-
ment to handle the signal loss which occurs during the signal travel.  These systems 
are today growing in importance and are what we refer to as 'cable TV' or CATV. 
~  Master aerial television is generally used for limited distribution  - to a block of 
flats, for example.  These systems avoid  the need for amplifiers, but normally usf:. 
frequency conversion equipment to avoid problems with off-air direct pick-up interc 
ference.  Clearly, master aerial television is limited in terms of applications. 
All  European countries now  broadcast their television  programmes on a  nationwide 
basis.  Terrestrial signal transmission systems are used, and each transmitter serves an 
area with a diameter of 50km to 70km.  The surrounding areas cannot, however, re-use 
the same frequency within a distance of 200km to 300km without the risk of interfer-
ence,  and  this leads to the use of several frequencies for each transmitted television 
channel.  The end result is that of the 14 to 16 TV channels allocated to the country by 
WARC,23 only three or four different television channels can be offered. 
There are two ways of offering more than three or four channels: 
~  SateUite transmission.  This method has already been adopted by pan-European pro-
gramme distributors such as Sky Television, MTV and CNN News Network, but is 
not considered economical for national transmission. 
23  World Adminlatrattve Radio Communk:atioaa. of tbe lDtematioaal TelecommUDic:atioD UDioD (TTU). 
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~  CA. TV systems.  These have a capacity of more than 20 channels, and can also be 
interlinked nationwide through trunk lines or microwave links.  The CATV systems 
have, with their substantially larger user-base, the potential to offer a mix of national 
programmes, internally produced material, and material received from other sources 
such as satellite and video recorders. 
-
Once the provision of optical fibre to small sites becomes economical, its deployment for 
residential subscribers will be feasible.  In the short term we expect onl~ limited use of 
optical fibre in primary distribution, which will give rise to mixed metal and optical-fibre 
systems  for  CATV  subscribers.  In the absence  of any  significant  telecoms  traffic, 
however,  the existing basic  technology will  be used for  CATV provision.  This will 
change from  about 1996  with  the first  deployment of Passive Optical Networks and 
related techniques for residential subscribers.  Gradually, metallic CATV systems will be 
replaced with distributive and interactive services being offered on the same access links. 
We assume that from 2005  all new CATV and residential telecommunications will be 
based on optical fibre, either as passive or as active local access networks. 
The amount of research and development in the field of  local access convergence differs 
markedly within Europe.  Some countries (such as the UK and Germany) are already 
running trial fibre-to-the-home projects.  In the Netherlands a study was commissioned 
in the 1980s regarding the integration of cable and telecoms, and the government has 
adopted  the recommendations.  Current  plans  are  for  the integration  of the  two 
networks with the formation of one broadband loop.  Deployment of fibre-to-the-home 
in certain areas is expected to start from 1995.  By contrast, in Italy little effort is being 
concentrated on the issue of  local access convergence at present, although the policy will 
be the subject of a future review. 
Network Architectures and Topologies 
Two different network layouts can be used in the installation of CATV systems: 
~  Tree and Branch systems; these systems are the most efficient in terms of cable and 
distribution equipment usage when signals have to be distnouted in only one direc-
tion.  The system consist of head-end equipment, main trunk feeders, and branch 
feeders connecting the subscriber to the trunk feeder.  A  disadvantage is that the 
system cannot recognise individual subscribers, which makes it difficult to arrange 
for  individual payments  to  be made for  particular  programmes  that  have  been 
received.  This problem can be solved by using filters or switching equipment at each 
house, but these are expensive and inflexible. 
~  Switched Star systems;  these consist of a  head end, which  transmits all television, 
radio  and  data signals  that are being offered  on the system  - see Exhibit 2.14 
_  Analy~----~~~~~~~~~~~~~ 
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and branch configuration.  Each 'branch' on the network leads to a star switching 
point.  Each star switching point serves 50-60 subscribers and handles the communi-
cation  of commands  and  requests  between  the  switch  and  subscriber  over  the 
(normally coaxial) drop cable.  The star format makes the system capable of a wide 
range of interactive services, and by implementing the switching capacity at the 'end' 
of the network,  head-end  processing capacity is  released  for  more sophisticated 
operations (such as audience analysis, billing, operations and maintenance). 
In early switched star systems, all processing was carried out centrally at the head end. 
This led to capacity problems as the systems grew, and the switched star systems were 
therefore largely rejected by cable 1V operators.  New developments, and the availabil-
ity of distributed switching,  have convinced new cable 1V operators that switched star 
systems can also be reliable and used in expanding systems. 
Apart from the offering of interactive services, which may prove very profitable for cable 
TV operators in  the future,  the network layout  of the switched  star systems has the 
inherent advantage of facilitating implementation of a telephony service.  The telephone 
service can be implemented after the drop cable has been installed - by simply changing 
the house box  (the network termination interface) and by installing a line card in the 
switched star point.  The telephone service would then use an overlay network, made of 
additional telephone cables using the same duct routes. 
The advantage for  the cable TV operator is  that the drop cables have already been 
installed, and the addition of the telephone service is therefore very cost-effective.24  The 
telephony switching will,  however, continue to be carried out outside the switched  sta~ 
system (by a national carrier, for example).  Alternatively, if  the network was origin  all~ 
dimensioned for  telephony,  the cable between  the switched  star point and the trunJ, 
cable could be shared, thus reducing costs even further. 
24  c  ..  ttletlmc UmltM. u  Eapilb company, estlmatoa that the addJtioDal COlt or  pi"CJVicSiq Lelepbony OYer tbe drop cable i1 £15, excluding 
the COlla for tbt Lelepbony llDe aDd mulliplclen betweeD the star nitcbi.Da poiDt IDd tbe LelepboDe excbaDp. 
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EXHIBIT 214:  Telephony in Switched-Star Cable TV  Networks 
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Overview 
Intelsat,  an  international communications  satellite  consortium  launched  its  frrst  two 
satellites, Intelsat I and Intelsat II in the 1960s.  Both satellites used omni-directional 
antennas  and  accommodated  as  many  as  240  telephone  circuits  by  using  frequency 
division multiplexed,  multiple-access (FDMA) C-hand carriers (6/4GHz) to achieve a 
fully interconnected network between earth stations located in the USA and Europe. 
The effectiveness of a communications satellite is measured both in lifetime and capac-
ity, which in tum depend on radiated power and bandwidth.  As the technology devel-
oped, improvements were made to all these areas.25  The lifetime for a typical satellite 
has improved from  1.5  to  10 years, and the capacity has risen from 240  to 30 000  tele-
phone circuits.  A  key  determinant of the useful life of a  satellite has been the fuel 
required for station keeping; satellite operators now believe that the use of xenon ion 
fuel thrusters (and other advanced propellants), more efficient solar-cell electrical con-
version, and the development of new in-orbit electrical storage batteries will increase the 
lifetime from 10 to 20 years during the 1990s. 
Each satellite carries a number of transponders (e.g. the Intelsat VI carries 48), and a 
typical transponder operating at 72MHz has a transmission capacity of 140Mbit/s.  This 
capacity is mainly used by  European TOs for international and intercontinental tele-
phony, and as a standby system for submarine cables.  Satellite capacity is shared by the 
use of time division multiplexed, multiple-access (TDMA) or FDMA signalling.  A geoL 
stationary satellite views almost half the earth's surface from its position at an altitude ot 
22 300  miles.  This makes it the ideal communications media for point-to-multipoint 
broadcast  and  one-way  or two-way  communications  between  locations  separated  b~.r 
geographical barriers, such as mountains, or by undeveloped local telecoms networks. 
Satellite Technology and VSATs 
Satellites with transponders operating at higher frequencies and with a higher radiating 
power, combined with the use of spot or pencil beams, have led to a drastic reduction in 
the size of the receiving dishes, making them cheaper and easier to install.  Very small 
aperture terminals (VSATs) are now available in the Ku-band with receive dish sizes of 
1.2 to 1.8 metres, and the costs are falling rapidly:26 
25  Three frequency bands are now Wled: C-haDd 6/4GHz. Ku-baDd 14/llGHz and Ka·baDd 30/20GHz. 
~b  Tht' laraer C'-band 3m-4m di.~h statit'lns can he up to teo times u  expeosive. 
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..  Costs for electronics to control the IDMA function continue to fall.  These elements 
have always been a major factor in the cost of the interactive VSAT; TDMA is a 
mechanism for allowing satellite bearer-frequency sharing between a number of base 
stations by allocating each base station a fraction of an overall frame.  This appar-
ently simple system is complicated by timing; ground stations are at different physi-
cal distances from  the satellite and,  although nominally geostationary, the satellite 
has a complex motion of its own.  The solution is to use complex methods of clock 
generation and distribution, leading to high electronics costs. 
..  The cost for the RF amplifying unit is falling.27 
The availability of low-cost one-way and interactive VSATs have opened up new possi-
bilities for organisations with communications needs which span over large geographical 
areas.  VSAT services can be used in several ways: 
..  Interactive systems.  By leasing transponder capacity and using a master earth station 
(MES) for switching, an operator can offer a high-performance cost-effective alter-
native to terrestrial service for data networks.  Typically, an operator with one MES 
can  offer  an  interactive  64kbit/s service  to  1920  VSATs  by  leasing  two  72MHz 
( 140Mbit/s) transponders. 
..  Meshed systems.  These offer interactive communications directly between VSATs. 
Applications for this service are limited to large private international networks and 
domestic digital overlay networks; because each VSAT has to have MES capabilities, 
it is very costly. 
..  Point-to-multipoint broadcast.  This is suitable for the broadcasting of time-critical 
data, such as financial information (exchange-, stock- and commodity markets) to a 
large number of receivers.  The service is normally addressable and coded, enabling 
several users to share the system without losing integrity. 
..  Remote data coUection.  Data can be transmitted from VSATs to the central hub for 
applications in seismic surveys, surveillance etc. 
The interactive  VSAT service  is  an  attractive alternative for  organisations with  pan-
European datacommunications needs.  As it competes with packet- and circuit-switched 
data networks as well  as with  leased lines,  its cost advantage would  mainly  be deter-
mined by the distance between the communication centres.  The inherent advantage of 
21  Allother major COlt for ut.ellite ctisbes  is tbe trualmiUer/receiver ud tbe MIOCia&ed amplifiers.  Beca~~~e aipallevell are VUI  weak, 
very lelllitM low·DOile equipment m-..t be used.  There b8Ye been subltaatiaJ imprcwemeat~  ill tbele tecb.DoJopel. some or whic:b b8Ye 
been prompted by tbe powth ill dim:t utelli&e bi"'Odc::lllaa. 
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service very popular in the USA.  Other important advantages are: 
~  They give users total control over their communications networks, and release them 
from having to interact with a number of national TOs.  We estimate that one-stop 
shopping will  be implemented in 1992-93,  thus providing a boost in demand from 
medium-sized international organisations. 
~  In most European markets, there is a much shorter lead time for the installation of 
VSA  T dishes than for leased lines or packet-switched data lines, and VSATs offer 
great flexibility for the user to reconfigure the network. 
~  For users requiring high-reliability, VSATs can be used as a high-capacity back-up to 
a terrestrial system, or be installed to provide temporary extra transmission capacity. 
~  Tariffs for cross-border calls are kept at excessive levels by the national TOs, who 
have increased the cost for international data network communications.  A  recent 
study28 compared the costs to a retailer with 7500 outlets in 15 European countries 
of a) using a packet-switched network and b) using a VSAT system.  Assuming a life-
time of ten years, the Net Present Value surplus using the VSAT system wouTcl.oe 
ECU 102 million.29 
~  VSATs provide the user with instant access to a 64kbit/s network to any location in 
Europe, thus by-passing any undeveloped local networks.  This will be valuable for 
rural regions which are trying to attract investment; VSAT is a way of offering highr 
quality communications as a 'temporary' solution in anticipation of a future digital 
network with ISDN.  The greatest interest in VSATs from business users occurs in 
countries such as Spain, Greece, Turkey, Yugoslavia and Italy where the establish· 
ment of terrestrial data networks is complicated and time-consuming.30 
Vzability of  VSATs 
European TOs have consistently resisted liberalisation in the area of satellite communi-
cations; their strict control over all satellite uplinks and downlinks through earth stations 
~I(  lly lht' I'A C.ooaulllnJ Oroup, 1990. 
29  Net PreleDt Value (NPV) repnseDtl tbe value or u  iDYeltmeDt discouDted at a putic:uJar rate, 10 tbat IDcome iD tbe future is worth less 
than income oow.  Tbe cliscouat rate used to caJcuJate NPV is usually set equal to or pater  thaD tbe rate or iDterest payable oa tbe 
mooey market; It abould also reOect tbe degree of riak or the investment wltb a bip cliscouat rate for biJber riskl.  Tbe iDterest rates 
used in  this ltudy are  real  iDterelt rata, i.e.  adjusted for tbe etJedi or iDOatioD.  NPV is uaually quoted befcn tu &Dd  dividead 
payments; this repraentl the OYeralJ value to tbe aedor.  A.uwniDg a USS:ECU ezcbaDp rate of 1.35, &Dd a cliscoUDt rate or 8% p.L; 
capita1/aDDual cost is USSS2m/USS38m for the packet-switched network aDd USS68m/USS15m for tbe VSAT tyatem. 
30  A study c.anied out iD 1988 by Cap Sc:ieDtifk: lJ4. 
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effectively prevented any VSAT systems being offered in Europe.  A number of devel-
opments in the regulatory area are now set to change the prospect for VSAT systems: 
~  The CEC's draft for a Green Paper suggested rapid liberalisation of the satellite 
market.  Opposition to these plans by various organisations led to modifications; the 
Green Paper takes a  more cautious view  towards  deregulation,  although  it  still 
emphasises the principles of direct access to satellite capacity including signal trans-
mission  towards  the satellite,  earth segment liberalisation  and landing rights  for 
VSAT services. 
~  The CEPT31 is pushing its members to sign bilateral one-stop shopping agreements 
for VSAT services, and the VSAT group within CEPT's commercial action commit-
tee (CAC) is drawing up a 'model bilateral contract'. 
~  France's telecoms regulatory body,  Direction de Ia  R~glementation G~n~rale, has 
agreed to remove most of the restrictions to one- and two-way satellites, and to give 
private operators open access to France Telecom-owned satellite hub stations. 
~  Deutsche Telekom has suspended its monopoly on basic telephone services over 
VSA  Ts for communications with East Germany for an unspecified period, and is 
allowing services to be offered to third parties. 
The commercial viability of VSATs was demonstrated in a recent studyll which consid-
ered a  fast-growing business  enterprise with  1760  small sites spatially distributed  in 
Europe (with 110 small sites per regional office), interlinked by 64kbit/s and 2Mbit/s 
leased lines; see Exhibit 2.15 overleaf.  The study evaluated the fmancial implications to 
the enterprise of making a licence bid which would allow it to operate a private satellite 
system across Europe.  Tariffs for the leased lines were based on the competitive tariff 
structure used in the UK, with 10% p.a. reductions in real terms to reflect further liber-
alisation initiatives.  Results from the study indicated that the development of a satellite 
system33 would be beneficial to the organisation, so long as its retail and small sites were 
excluded from the satellite link-up, and that spare transmission capacity was leased to 
other organisations. 
The conclusions from the study were as follows: 
31  Collf'ereDCe of  Europeu PCIIIal aad TeleeommUDic:atiou administrations. 
32  ~  Eeottomics  tJf CotMwn:illl StwiiM Systems  ilt 11  Libm~Jis«l Eutopt.tut  E1rvit'onmeltl,  ADalylyl S'TEM  RACE Raearcb Brielin' 
Number 3, Marcll1990. 
33  1D this study lbe repoDII aDd aatioDIIIiles operated at 2Mblt/a duplex. and JDipt therefore be described •  a small ant.enaa (SA1) 
system, ratber tbaD a VSA  T system. 
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lines, but only when used for long-distance transmission  . 
..,..  All satellite capacity must be utilised to ensure economical viability.  This suggests 
that only a few VSAT systems will be set up and operated by users.  Most VSAT sys-
tems will probably be run by TOs, and priv_ate and public companies (which will then 
lease the capacity to several users)  . 
..,..  If  the tariff structure for leased lines is competitive, VSATs will not prove a threat to 
the 'regional' leased-line market. 
EXHIBIT  2.15:  Private Satellite Network 
D Group head office 
D  National head office 
0  Regional centre 
•  Small site 
- 2 x 2Mbit/s link 
- 2  X 2Mbit/s link 
- 2 x 64kbit/s link 
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Other Developments 
Major technological developments in  the satellite area will  relate to the selectivity of 
transmission, improved transmission power and capacity,  as well as extended satellite 
lifetimes and falling earth-station costs.  Nevertheless, there are some other interesting 
developments in the areas of space-based switching systems and low earth orbit systems. 
Space-based switching systems are currently being researched; the basic idea is to place 
a switching unit in the satellite and to let the switching be controlled by a master earth 
station.  The main application of this technology would be to offer switched digital satel-
lite communications,  and  thus  allow  the immediate implementation of ISDN in,  for 
example, remote areas where there is no digital terrestrial network.  The main problem 
is the fact that expensive switching equipment is located where maintenance and repairs . 
cannot be carried out.  This could be resolved in future,  however, by placing a  total 
switching system on a manned space platform. 
New sophisticated satellite control systems are needed when satellites are placed in low 
earth orbit.  The obvious advantage of low earth orbit satellites is the vastly increased 
signal power  received  on  earth, which  makes  communications with  hand-held  units 
possible.  At the beginning of 1990 Motorola revealed its plan to launch n low earth 
orbit satellites in seven circular polar orbits, with 11 satellites per plane.  By providing a 
near-total coverage of the earth, this mobile radio system will give complete geograph-
ical coverage; the service is primarily targeted at rural and remote areas not served by 
terrestrial systems.  The project has only recently started, and Motorola's plan to begin 
full service as early as 1996 appears rather optimistic. 
2.3.6  Telex 
Ovetview 
In the early days of teleprinter (or telex) communications, the public telephone network 
was used.  To send a telex message a telephone call was made to the required number 
and when the connection was established both subscribers switched from telephone to 
teleprinter, and the message was transmitted.  Limits on transmission speed led the TOs 
to set up a completely separate switching network for the European telex service, which 
was completed during the 1950s. 
The telex service proved particularly popular with organisations which need a printed 
record of their communications.  Even today, the telex service is still vital for organis-
ations with a need for communications with countries outside Europe, where time zones 
makes voice communications impractical and problems with the quality of transmission 
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makes the use of faxes  unreliable.  In Western Europe, however, the use of telex is 
declining where Group 3 faxes and packet-switched services are better alternatives for 
the majority of potential users. 
2.4  CONCLUSIONS 
Looking at the short term (1990 to 1995), we expect digitalisation of  Europ_~an networks 
to continue.- Initially digitalisation will concentrate on the trunk networks and the main 
switching centres, but digitalisation of local exchanges - a pre-requisite for ISDN - will 
follow  quickly.  A  major aspect  of this  will  be the introduction of the CCIIT No 7 
signalling system, optical fibre and Synchronous Digital Hierarchies (SDH) as the basic 
transmission mechanism.  These developments will in tum lead to changes in network 
architecture. 
Faced with emerging competitio·n from  the VSAT systems, TOs will have to respond; 
their strength lies in their network infrastructure, and they may begin to offer switched 
Broadband services based on an overlay network. 
Between  1996  and 2000,  the changes  arising from  network  digitalisation  will  bring 
profound developments in network architecture, initially focused on a reduction in the 
number of network hierarchies. 
The cable TV market will grow rapidly with the rise of numerous satellite operators, and 
the growing demand for cable TV will enable some TOs to begin to implement fibre-to~ 
the-home in an economical fashion.  The costs of opto-electronics will fall rapidly as c 
consequence both of economies of scale in production and new production techniques. 
ISDN will  become widely available, and many leased-line users will migrate to lSD?' 
during this period. 
One problem for the TOs will be the existing networks.  The packet- and circuit-switched 
networks were initially intended as an interim solution towards ISDN implementation, 
but the services have been quite popular, and CEPT has therefore agreed to continue to 
develop and promote them for at least another ten years (to the year 2000), despite the 
emergence of ISDN.  This move indicates an uneasy co-existence supported in part by 
the  D-channel  which  will  enable  ISDN  users  to  interact  with  the  packet-switched 
network.  Early implementors of ISDN such  as the UK, France and Germany will, 
however, discontinue their packet-switched service (with the exception of that operating 
through the ISDN access) towards the year 2000, and the service will therefore start to 
decline after that year. 
In the longer term (between 2001 and 2010), Broadband will be implemented on a wide 
scale, both to business and residential subscribers - although the nature of the services 
-------------------------Analy_sy..s _ 
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provided in  each case will be very different.  Implementation will be possible due to 
massive increases in network capacity, and changes to the network architecture. 
Business users have new high-capacity PCs and CAD/CAM workstations which need to 
be interlinked,  and residential users will  demand HD1V and video-based  interactive 
value-added services as well as videotelephony.  Part of the Broadband access will be 
used for ISDN; both business and residential subscribers will find this service attractive 
as equipment prices fall, and the popularity of telecommuting increases. 
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3/ General European Regulatory Projections 
This chapter describes our regulatory projections at the European level;  demand and 
technological projections are contained  in  Chapters  1 and  2 respectively.  Where we 
attach a date to  a trend or development,  this relates to  our projections for  advanced 
countries in the Expansionist Case. 
We describe the European regulatory trends which are projected to emerge and develop 
between now and the year 2010, beginning in Section 3.1 with a summary of the major 
developments  which  are expected  to  occur  by  1995,  by  2000  and  by  2010.  This  is 
followed  in  Section  3.2  by  a  discussion  of the forces  which  have  shaped  European 
telecommunications regulation over the last ten years, together with a summary of the 
general philosophy of European telecommunications policy, and a comparison with the 
situations in the USA and Japan. 
In Section  3.3  we  consider the future regulatory  development  of European telecom-
munications, and in Section 3.4 we summarise the likely impact of regulation on both 
telecommunications  investment  and  new  technologies.  Finally  we  summarise  the 
consequences of the Single European Market (Section 3.5). 
3.1  CHRONOLOGY OF 11IE REGUlATORY PRO.JEC'I10NS 
The regulatory projections are summarised in the diagram overleaf.  On the left hand 
side we have set out major topics, and have represented their implementation or impact 
over time by horizontal bars containing commentary;  the shading represents scale or 
degree according to context. 
By 1995 we expect the following developments: 
...  Completion of the split between regulator and operator.  By the mid-1990s regul-
ators will have moved from supporting the dominant TO against 'unfair competition' 
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power.  The TO's  themselves  will  respond  by  implementing  new  commercially 
oriented organisational structures and goals. 
....  Tariffs throughout Europe are out of line with costs.  Such imbalances prevent fair 
competition either by  allowing new entrants to make high profits (in international 
and long-distance transmission) or by preventing entry by charging less than cost (in 
local access).  In the long run these imbalances must be removed if  competition is to 
be possible in telecommunications.  Initially rebalancing will mean a significant fall 
in international and long distance tariffs the beginnings of which will be observable 
before 1995. 
....  In  the  short  term,  competition  in  the  local  loop  from  alternative  cable-based 
networks will be limited. 
....  Mobiles will be at the forefront  of competition in telecommunications;  they are 
important because they also provide the possibility of competition in the local loop. 
Competing mobile operators will be introduced in many parts of  the EC. 
....  Network competition will begin in some Member States and at the European level in 
pan-European networks  . 
..,.  Efforts to encourage regulatory change at the European level will be spearheaded by 
the  CEC,  including  application  of EC competition  rules  partly  in  response  to 
pressure for a more open environment from the GATT framework.  ONP will be 
applied to leased lines, packet-switched data, satellites and voice telephony.  ONi 
Directives  on  both  ISDN  and  Intelligent  Networks  (IN)  will  set  down  somt 
minimum  standards  of open  access  to  network  signalling  and  software-define(; 
features;  this will  stimulate ccimpetition and innovation in VAS.  Rapid develop· 
ments in interconnection and competition will prompt a review of ONP  . 
..,.  The CEC Satellite Directive will lead to: 
fullliberalisation of the earth segment1 
unrestricted access to space capacity2 
full commercial freedom for space segment service providers3 
I  lncluctlna botb receive-only and ~lw/lrao&mlt  term1Dals, aubjed to appropriate type-.pproval aod liceo&iD& proc::edurea to implement 
oeceuary replatoty aafepards. 
2  Subjed to Uceuin& procedures, iD order to aafeguard acl•lve or apec:ial ripts, aad replaloey provisioo& ael up by Member States iD 
conformity wilb Community law (and baled on lbe coueosus acbieYed ill telecommunications policy). 
3  lncludln& direct markelinJ of satellite capac:ity  to aervic:e  providers and ..ers, subject to compliance wilb lbe Uc:enatna  procedures 
meDtiooed above  aad ill conformity with Community law  (eapecialJy  competition rules).  Aa:ess abouJd be on u  equitable,  DOD· 
discrimiDatory aad coa-oriealed basis. 
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nharmonisation for the provision of Europe-wide services.1 
....  The pressure for true open procurement rather than from  national suppliers will 
begin to grow as a result of the drive to cut costs. 
....  At present there are differing national regulatory stances in Europe regarding the 
cooditions for resale of leased-line capacity.  In the short to medium term, it can be 
expected that unrestricted resale and shared use of leased-line capacity will begin to 
spread across Europe.  Conditions for the interconnection of private networks to the 
public network are likely to converge under the influence of ETSI's work (Network 
Code of Practice) and common standards (e.g. those recommended under ONP). 
By 2000 we expect the following developments: 
....  There will be increasing emphasis on rebalancing both through direct tariff controls 
(such as have been introduced in Denmark, Germany and the UK) and the introduc-
tion of competition (at first in international services across Europe and in national 
services in some countries)  . 
..,.  There is likely to be considerable pressure for a change in the system of universal 
service provision during the 1990s,  as the incumbent TOs face competition in all 
parts of the network.  By 2000 these developments are likely to have lead to a re-
defined  (if not  wholly  replaced)  system  of licensing  to  ensure  access  to  basic 
telecommunications services on acceptable terms for customers  . 
..,.  Competition policies for services and networks in the local loop will start to change 
in the medium term as more liberal countries allow the sharing of local access links 
between CATV and telecommunications  . 
..,.  The development of new services supported by advanced network architectures will 
enable services and infrastructure to be provided by different operators - including 
multiple service providers using the same network.  New regulatory regimes will then 
be needed; the timing of their introduction will depend on how easily the potentially 
very complex regulations can be drawn up,  and on the technical progress made in 
network implementation.  Separation for  some services  is  possible now  (as with 
Minitel in  France), but more widespread  application  of this principle is  unlikely 
before the late 1990s. 
1  HarmoDilation measures as far as required to facilitate tbe provision or Europe-wide services.  In particular, this coacei'DI tbe mutual 
recognition  or li~nsing ud type  approval  procedures, frequency  co-ordinating and co-ordinating with  reprd to uteWte service 
providers outside the European CommUDity. 
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..,.  Technological change  and growth  in  demand for  new services will  result in  new 
networks being introduced throughout the EC. 
...  True open procurement and purchase of equipment from diverse sources will result 
in prices converging at lower 'European' levels than in  the current situation where 
some countries with restrictive purchasing policies are paying up to three times as 
much as others for the same equipment  . 
..,.  The opportunity for exploiting tariff anomalies through the use of leased lines will 
gradually disappear in the long run as competition increases  . 
..,.  Security,  privacy  and  data protection will  become  increasingly important as  the 
telecommunications networks become more sophisticated and capable of offering 
services based on information about individuals (for example their location) as well 
as accessing and transmitting information about them.  The increasing communic-
ation of information between Member States and, potentially, to countries outside 
the EC will lead to action at the European level on these issues  . 
..,.  Increasing demands for frequency capacity and the use of mobiles throughout the 
EC will lead to frequency allocation issues being discussed and co-ordinated at the 
European leveL 
By 2010 we expect the following developments: 
..,.  Regulators will require networks to have the capability for competition in the cable 
local loop by means of different service providers renting alternative wavelengths -
a kind of optical interconnection requirement. 
..,.  With optical fibre widely deployed in the local loop and ATM transmission becom-
ing the norm by 2010, the central goal of regulation will become the equitable shar-
ing of infrastructure costs between services  - the free-rider problem familiar in 
economics.2 
..,.  Further changes in tariffs will have occurred.  Tariffs will not be completely cost-
oriented, but the combination of competition and regulation will have ensured that 
alignment is sufficiently close to prevent cross-subsidisation or exploitative tariffing 
2  Thla II ta.. rmblriD whm! II  II bnpolalble lo .epuate thole who p.y for a project from thole wbo beDeOL  For aample, if  a trade waioD 
~eCUM  Improved .-y ud coDdWoal ror aU worbn Ill a compaay, &bole wbo ~DOt  UDioD  memben (Le. wbo bave  DOl paid  UDioD 
fee&) beDdlt wttboul COlt.  Witb opt.lcalllbre Ill tbe local loop, extra baDdwicltb II waDable at YbtuaUy zero 1DUJiDa1 COlt.  It II DOt clear 
wbetber each eemce •IDa tbat fibre abould .-y  a Oat acaa fee (reprdleu or budwidtb), or wbetber there abouJd be time· or  volume· 
relalcd c:harps.  If  laveltmenta are recouped froiD early aeMc:a (aucb •  cable 1V aDd telepboay) tbeD la&er 1Crvica Ulilll tbe DeW 
IDrraltrudure wW illeviUbly beadlt from iDertJa iD tarUr rqimea. 
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conditions  . 
..,..  Consolidation  of the  regulatory  changes  set  in  train in  the  1990s  with  licensed 
competition allowed for all services and networks. 
3.2  A DECADE OF CHANGE 
In this section we describe the forces leading to changes in European telecommunica-
tions regulation over the last decade (3.2.1).  We then discuss the general philosophy of 
European telecommunications policy (3.2.2),  and provide a brief comparison between 
the European situation and that in the USA and Japan (3.2.3). 
3.2.1  The Driving Forces For Change 
In  the  1970s  the telecoms sector was  characterised by  strict regulation,  an extensive 
monopoly of telecoms administrations, and a focus  on voice telephony.  A number of 
factors  have  combined  to  challenge  the state monopoly  over  telecommunications  in 
Europe,  not least  of which  is  the increased  technological  complexity  and  enormous 
growth in the demand for new services. 
Technological  progress  has  provided  alternative  technologies  (such  as  satellite)  to 
compete with traditional delivery systems.  Customer premises equipment has become 
increasingly sophisticated.  New  opportunities have arisen as the boundaries between 
telecoms, data-processing and broadcasting have blurred.  A more liberal environment 
has been required as  service providers have become increasingly independent of the 
network operator.  In such a situation regulatory bodies have been faced with a choice 
between increasing regulation to control the growing technological capabilities, or devel-
oping a more flexibly  defined telecoms regulatory framework, calling into question the 
rationale for current tariff structures. 
The rapid growth in demand for new specialised services has generally outstripped the 
ability of the national TOs to respond, thus supporting arguments for liberalisation.  The 
lack of any clear concept of community service or social objectives in the provision of 
data and mobile voice services to business means that a potential political objection to 
open markets in network provision is sidestepped. 
Technological progress has also brought about a dramatic cost reduction in transmission. 
Optical-fibre technology weakens  the relationship between cost  and distance,  and in 
addition  to  this  trend,  business  user  groups  have  become  increasingly  successful  in 
applying  national  and  Europe-wide  pressure  to  force  changes  in  their favour.  One 
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instance of this  is  the abolition  of cross-subsidisation  of local service and consumer 
access by the long-distance market. 
Deregulation elsewhere has had an effect on the European regulatory process.  In par-
ticular, the divestiture of AT&T in the USA in 1984 has set a compelling precedent.  An 
important factor in this has been the fear of falling behind the USA and Japan in such a 
strategically  important  sector  (with  the  subsequent  loss  of business  opportunities). 
I 
Europe is  a major target for increasingly internationally-minded US companies.  The 
TOs are now facing competition both from other European TOs and US and Japanese 
companies to offer global setvices.  The extent to which the regulatory framework allows 
European TOs to finance and fulfil their plans, and gives them the freedom to compete 
successfully will have a decisive effect on investment. 
With the gulf between European and Japanese telecoms steadily widening, and with the 
established international order breaking down as the number of bilateral deals prolifer-
ates, telecoms has also become a  major issue in protectionist trade legislation.  The 
Uruguay Round of GA  TI  has become the major forum for determining a future frame-
work for trade in telecoms-related services, and Value-Added Services in particular. 
3.2.2  European Telecommunications PoUcy 
Although taking different organisational forms, a common feature of the Western Euro-
pean telecoms sector is the continuing dominance of monopoly telecoms operators, usu-
ally under full state ownership. 
Even in the case of the UK - where network competition has existed since the privatis-
ation of BT (British Telecom) in 1984  - the Government maintained its 49% stake of 
BT until  very  recently,  and  still  maintains  its  control  through  the  regulatory  body 
OFfEL BT still dominates the market, and regulation prevents it from competing head 
on with Mercury.3 
However,  over the past 10  to  15  years the pace of regulatory change has begun to 
increase dramatically, fundamentally as a result of the changes in technology, but also as 
a result of the example of US hberalisation and the 1992 internal market initiative.  The 
potential of technology in communications is amply demonstrated by the advanced ser-
vices and networks of the USA which are offered on an extremely competitive (in inter-
national terms) basis.  More recently, initiatives launched by the CEC in advance of the 
internal market in 1993 have increased the rate of change. 
3  For example, iD prorilioa of leased liDel to tbe City of LoadoD, BT mull wur Ill olleriap at Ill llaDdud aatioaalldledulel.  Mercury 
caa easily UDdercut this iD tbe cleasely populated fiDaDc:ial diltric:t. 
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munications policy of European states.  At one extreme lies the UK which split its TO 
into  separate  postal  and  telecommunications  organisations  a  long  time  ago  (a  full 
decade ahead of Germany),  then privatised it and, uniquely in  Europe, has allowed  a 
competing domestic carrier.  The UK pioneered the model of competition in cellular 
networks (now widely adopted across the world) and in the local loop, particularly by 
licensing three PCNs. 
Other countries are, to differing degrees, less progressive.  The majority of TOs in con-
tinental Europe have  undergone restructuring, commonly involving the separation of 
regulatory functions from network operation and service provision.  Privatisation of TOs 
along UK lines is not being widely considered, although conversion to joint-stock com-
pany status is  being discussed  in  some countries.  Change is  proceeding at differing 
rates, with  Germany leading VSAT hberalisation, and planning to license PCNs next 
year. 
3.2.3  Comparison with USA and Japan 
The  European  situation  contrasts  markedly  with  the  USA,  which  has  a  regulated 
privately-owned monopoly of the local loop (comprising the seven RBHCs, G1E and 
nearly  1300  other  independent  companies,  many  of them  local,  in  1989)  and  full 
competition between inter-IATA4 carriers.  In many IATAs, users may choose between 
alternative  inter-exchange  carriers  simply  by  dialling  a  different  access  code  (this 
happens in only one small city in Europe at present5)  and P  ABXs are often programmed 
to select the lowest cost or preferred carrier (a common feature for larger businesses in 
the UK which use both BT and MCL networks). 
Deregulation in 1984 in the USA turned AT&T from a monopoly carrier to just one of 
the  many  competitors (albeit  a  dominant  one) in  the US  telecoms  services  market. 
Intense competition between  the various long-distance carriers has led to significant 
reductions in the cost of long-distance traffic.  AB a result of the hberal environment and 
the carriers' desire to avoid sharing revenue with local telephone companies, so-called 
'hy-pass alternatives' have become commonplace, in which larger business customers are 
connected  directly  to  inter-LATA  carriers.  The  revenues  of  the  local  network 
companies are thus reduced, even though they are subject to state regulations specifying 
that certain social objectives - such as universal service -be  attained. 
4  l.oc:al Accet~  aDd TI"&DDpprt Ale&. 
5  ID XiaptoD·upoD·HuU iD tbe UK, tbe local telepboDe company (wbicb wu DOt iDc:luded iD the 1912 DatioDatisaUoD of  aD otber local 
telepboM c:ompoies •  tbe distric:t JOYe11liDeDt refuled to .eU it) oll'en ita c:ustomen a cbolce betweeD British TeJec:om aDd Mercwy 
CommUDicatioDI - c:ustomen dial either 12 or 13 before UI'J caU out of  tbe HuB area. 
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US pressure on the Japanese government to open up its telecommunications market has 
had some effect.  Up until  1985,  Nippon Telegraph &  Telephone Corporation (NlT) 
had a monopoly over domestic telecoms services, while Kikusai Denshin Denwa (KDD), 
a regulated private enterprise, had a monopoly on international services.  The break-up 
of NTT was contemplated, but the first step taken was to license competing domestic 
and international carriers.  In addition, some structural separation measures have been 
taken  (whereby  subsidiaries  offer  Value-Added  Services  in  open  competition). 
Competing carriers have been highly successful in reducing NTI's market share (though 
none of them has a market share greater than 3%  ), and in forcing generally lower prices 
for users.  One reason for the success of competing carriers is that they are owned by 
conglomerates which provide them with all the business they need. 
An example of the contrasting philosophies in Europe and the USA is given  by  the 
satellite area.  Because of their potential to transmit voice and data without using public-
switched terrestrial lines, satellite communications networks offer the greatest threat of 
'by-pass' to national TOs.  US  experience has shown  that once hberalisation  occurs, 
there will be an immediate demand for the provision of VSATs  as an alternative to 
leased lines. 
Although the USA· has adopted an 'open skies' policy in relation to domestic services, 
the RBHCs have tried to restrict the availability of new technologies, morder to safe-
guard revenues.  The 'open skies' policy does not apply fully to international communi-
cations.  The European situation contrasts markedly with that in the USA: 
~  Unlike the USA, where the market in VSAT-based systems has prospered, current 
regulatory procedures in Europe have stifled a potentially large market - one where 
user demand and mature technology exists. 
~  The CEC's 1988 Terminals Directive deregulated ownership and operation of one-
way satellite terminals within the Member States, thereby encouraging the receive- , 
only  segment of VSAT.  However,  the regulatory structure surrounding two-way 
VSATs has hampered any market development. 
Pressures for change in  the European regulatory environment have come from  users, 
private satellite operators, equipment suppliers and Eutelsat (the European Telecom-
munications  Satellite  Organisation).  The  CEC's  Satellite  Green  Paper now  offers 
support for an 'open skies' policy, in so far as this is compatible with the services liberal-
isation compromise. 
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Much of the framework for the opening up  of European telecoms markets is in place. 
The  task  now  facing  the  CEC  involves  implementation  of existing  measures  and 
management of the remaining obstacles, so that the envisaged benefits come to fruition. 
To quote the 1987 Green Paper, the problem facing the CEC is one of 'a delicate regula-
tory balance': 
....  On the one hand, technically and fmancially capable network operators are desired, 
to enable advances to be made in networks, and the introduction of new services. 
....  On the other hand, a more competitive market is generally desirable; this will allow 
the full use of networks and freedom of choice for the user. 
3.3.1  General Trends 
While at the European level the CEC is  setting the pace of reform (in satellites, for 
example), competition in the local loop and in the mobiles area is driven by events at the 
national level.  There are still  great  differences  of approach  between  the Member 
States,  6 but a number of general observations can be made: 
..,.  Recent trends towards the reduction of restrictions and entry barriers will continue, 
thus allowing the development of new activities.  As a result, the protection TOs 
currently enjoy will be increasingly reduced. 
....  Implementation of the Green Paper proposals will increasingly draw upon full appli-
cation of EC competition rules.  The CEC already has a strong legal basis to  act~ 
resulting from  the earlier ONP and Services Directives,  and  the European Court 
decision on Article 90 for terminals.  However, the Guidelines on the Application of 
EC Competition Rules in the Telecommunications Sector allow a global application 
which  is  more effective  than  the case-by-case  approach  often  taken  in the past. 
Whilst,  on  the one hand,  the CEC indicates  that 'telecommunications  operators 
should be encouraged to establish the necessary co-operation mechanisms to ensure 
Community-wide full interconnectivity between public networks, . . . the full applic-
6  The nspoase of di1Jerent countries to tbe pressures for cbanse (  outliDed iD Section 3~1)  will depend on a number of factors, iDdudiDg. 
most importantly, politicaJ  coosideratioos.  To date 10me. Europeu countries haYe  adopted a  more coasesvative l1aiK:e  thaD  othen 
regarding the b'beralisation or telecoms markets.  UDless major poUtic:al cbanJes occur it is probable that these countries will be slower 
to implement regulatory cbaoges.  This is  discussed iD  much more detail iD  AnDel B,  but for ao euy comparison or likely future 
regulatory timing tbe group or more 'conservative' countries includes Bel,;um, Fruc:e, Greece, tbe Republic or Irelaod, Italy, Portupl 
and Spain. 
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ation of competition rules forms a major part of the Community's overall approach 
to telecommunications'.' 
~  ONP Directives and Recommendations will be applied to specific areas in telecom· 
munications over the next few years. 
...  The TO monopoly of the local loop is likely to remain for some time but competition 
in  this  area will come from  PCN  and  fixed  wireless systems  (voice telephony)  or 
satellite {for  television  distribution  and by-pass  in  business communications)  and 
cable TV systems.  Eventually the local loop monopoly will be broken through having 
different networks focused on specific market segments. 
~  Downwards pressure on cross-border tariffs will be exerted by a number of sources: 
VSATs, ventures such as the pan-European optical-fibre network proposed by the 
railways,  CCITI reform•  and  competition  for  networking  business  between  the 
'regional' TOs in the EC.  In the short term, this may reduce_ TO funds available for 
investment, but will also hasten the process of tariff rebalancing. 
~  The CEC, in setting the regulatory environment of the future, should be seen as part 
of the GAIT framework, which is exerting pressure towards a more open environ-
ment generally. 
~  The proliferation of satellite and mobile systems, and their growing importance, will 
lead to increasing pressure for European rather than national frequency allocation.' 
Within allotted bands, spectrum auctions are likely to become more common as a 
method of allocating this scarce resource.1o 
Below we consider in more detail developments in the areas of tariff rebalancing, USOs, 
interconnection, mobiles and cable television. 
7  Prom 'GuldeliDel OD &be Applicatioa or ESC CompetWoa RuJes la the TelecommllllicatJoaa Sedor' (BI"UUIell, September 1991 ). 
8  Tbeoclore 1naer (  diredor or &be CClTI") belieYes that a aipUicaDt 1oweriDJ or  lDteraatJoDAI tarUra caa be brouJbt about withiD &be aat 
two yean tbroup c:baDpl ill &be  IICICOUDtiD& n&a OD wbicb illterDatioDal tart& are baled.  Refo11111 would tab time becauae or &be 
cW[eriq aJ1U or world teJepboay {due to vuWioal iD tbe tecbaolopcal advaDce or aetworb ud  poUtka1 fadon).  However, a reduc-
tioa ill acc:ouatiDira&el doel DOt aecaaarOy meaa that i.DterDetioDal tarUfl wUI come dowD, •  It il  JOYei'DIIIellt repJaton tbat fix prices 
aDd DOt tbe KCIOUDtiq ....  iD t.bemleiYel. 
9  The aew EuropeaD Radioc:ommuak:atioaa Co!DIDittee ud  EuropeaD R.adioc:ommUDic:atioaa are altep iD tbil direc:tioa. 
10  The receat c:eUular apedniiD auctioa la New Zealud il  aa aample or tbil tmad. 
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Currently, European governments exercise considerable influence in the setting of tele-
coms tariffs.  Typically,  price increases are subject to government approval or there is 
some explicit  rule relating changes in  tariffs to  the Retail Price Index.  In Denmark, 
tariff changes must be kept 2% to 3% lower than changes in the Retail Price Index.  In 
the UK, BT is obliged to cut tariffs by 6.25% p.a. in real terms. 
Tariff rebalancing policies are already in force in some EC countries, although the pace 
of change differs markedly from one country to the next.  Regulatory reforms in  1989 
obliged  Deutsche Telekom  to  move German telecoms in the direction of cost-based 
pricing.  However, there have been accusations from user groups and potential market 
entrants that the TO has not yet adjusted tariff policies in line with the intentions of the 
Reform Act.  In the Netherlands, some tariffs have been cut by 30% since privatisation. 
Some TOs appear to have adopted the goal of eliminating cross-subsidisation, recognis-
ing  that it may  lead to  efficiency  gains  and  combat  the competitive pressure being 
exerted from leading-edge markets.  Cross-border tariffs will suffer the greatest pres-
sure,  an example  being the threat of by-pass  by  the VSATs  which  are soon  to  be 
licensed.  This threat puts considerable downward pressure on international leased-line 
tariffs.  Other sources of pressure on cross-border tariffs include ventures such as the 
pan-European  optical-fibre  network  proposed  by  the railways,  and  competition  for 
networking business between TOs. 
In some cases it has been recognised that the elimination of cross-subsidies would lead 
to a much needed expansion in funds available for network development.  This is partic-
ularly applicable to both Portugal and (the former) East Germany, where local services 
have historically been substantially under-priced. 
In the past cross-subsidisation has been used as a mechanism for getting new services ofi. 
the ground.  The French experience with  the Minitel service is  an example of this. 
However, where the TO uses cross-subsidies between monopoly services and (perhaps 
newly) hberalised services, the policy will become unsustainable  - at least beyond the 
very short term.  Of course, those services with the highest margins are exactly the ones 
which will  attract the greatest interest from  potential new operators.  Prices for such 
services will inevitably fall, and the incumbent will be compelled to increase charges for 
subsidised services. 
The pressure to make tariffs more cost-oriented will continue and intensify, particularly 
in  the medium term.  Currently, there is a major divergence between price (i.e. tariff) 
and cost for access charges, and so users are being significantly undercharged.  At the 
same time, however, many usage tariffs are set much higher than cost.  Thus, any signifi-
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cant  move  towards  cost-oriented  tariffs  generally  implies  higher  access  charges  and 
lower usage charges. 
Universal Service Obligations 
Consideration of the split between telecoms operators and telecoms regulators raises the 
question of what will happen to existing Universal Service Obligations.  There is likely to 
be considerable pressure for a change in this system during the 1990s, especially as the 
incumbent TO loses (fvced network) voice-telephony market share to PCNs, and also the 
data-communications market starts spilling over into voice, bringing competition from 
another direction.  The combined force  of these two  developments may lead to a re-
defined (if not wholly replaced) system of licensing and direct government subsidy in the 
more advanced states, and the gradual erosion of the Universal Service Obligation. 
Interconnection of  Private Networks 
At present there are differing national regulatory stances in Europe regarding the condi-
tions for resale of leased-line capacity.  In the short to medium term, we expect that 
unrestricted resale and  shared use of leased-line capacity will gradually spread across 
Europe as tariffs are rebalanced. 
With  the growth of private networks,  especially mobile  networks, increasing attention 
will be paid to the question of interconnection arrangements.  These issues are currently 
in the  national domain.  Eventually,  however,  conditions  for  the interconnection  of 
private networks  to the public network  are likely to converge under the influence of 
ETSI's work (Network Code of Practice) and common standards (such as those recom-
mended under ONP, for example). 
Mobiles 
At present, many national regulators are attempting to foster competition by licensing 
mobile operators to run systems in competition with the incumbent operator.  Differing 
systems may be used in the 'radio local loop', but the basic principle is that without the 
cost of building a distribution network, entry barriers are lowered considerably.  In the 
short to medium term this policy should encourage the rapid growth of digital cellular 
systems. 
It should be noted that in some countries (such as Belgium and the Republic of Ireland), 
there has been no definite commitment from regulators to license a mobile operator to 
compete with the incumbent's service.  Arguments against such licensing typically focus 
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factory service.  By contrast, governments in the old Eastern bloc have quickly seen the 
advantages of licensing private cellular operators (with foreign participation), as the TOs 
are faced with the huge task of modernising and extending the existing fixed  network, 
and are not in a position to provide such services themselves.  The main motivation in 
this case, however,  is to provide an immediat_e  solution to unsatisfied demand, rather 
than to stimulate competition. 
Cable Television 
In the short term there will be no active regulatory promotion of  competition in the local 
loop from alternative cable-based networks (with the exception of the UK, where this is 
already occurring).  Policies will start to change in the medium term as more liberal 
countries allow the sharing of local access links between CATV and telecommunications. 
After 2000 PONs will be deployed more widely for residential users. 
By 2010 we may see some countries introducing even more hberal regulatory policies in 
order to encourage competition.  For example, there may be some sort of optical inter-
connection requirement whereby-networks must have the capability for competition in 
the cable local loop (by means of different service providers renting alternative wave-
lengths).  In the long term, the main aim of regulators will be to ensure equitable sharing 
of infrastructure costs between services. 
3.3.2  Specific Developments 
Clear indications of the future regulatory path to be followed  in Europe are given by 
present legislation or by processes already underway (as outlined below).  This summary 
represents our general European-level regulatory projections, which reflect the Expan-
sionist case move to the widespread introduction of competition.  The projections are 
considered in a country-specific context in Annex B. 
1990  End-of-year deadline for terminal equipment to be opened to EC-wide 
competition. 
ONP Directive for leased lines submitted.  Other service-specific ONP 
Directives  and  recommendations  are  likely  to  follow  before  1995 
(including ISDN, voice telephony, PSPDN, Broadband, IN, mobiles etc.). 
Green Paper on satellite communications issued. 
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1991/1992  VSAT Directive issued  - this will lead to downward pressure on trans-
border leased-line tariffs over the following years. 
European-wide equipment type-approval Directive notified. 
Investigation by  the European Commission into whether arrangements 
governing  international  telephone  charge$  are  incompatible  with  the 
competition rules of the Treaty of Rome. 
Green  Paper  on  mobile  communications  dealing  with:  Europe-wide 
operation; access of private systems to the public network; preseiVation 
of  interoperability  with  many  operators;  safeguards  on  interworking 
(numbering, for example). 
Move to cost-orientation of tariffs - intra-Community international call 
tariffs should reduce.  ccrrr will introduce changes in the accounting 
rates for international tariffs later in the year.  Start of a review of the 
Services and ONP Framework Directives. 
A Directive on personal data protection and privacy is likely to be noti-
fied at this stage. 
1993  Single Market in force. 
Separation of TOs' regulatory and operational functions;  they will have 
to accept common interconnect and access obligations for cross-border 
service providers.  The supply of terminal equipment will no longer be on 
an exclusive basis. 
The Services  Directive  allows  resale  of datacommunications  capacity 
(Member States  with an  undeveloped  public  data network  may  delay 
until January 1996). 
Trans-border  carriage  of  traffic  - telecommunications  'cabotage'.  A 
Directive is likely at this time to enable all carriers to widen the use of 
private networks. 
Open  procurement  to  bidders  for  telecoms  equipment  from  other 
Member States.u 
11  lmplemeDiecl from 1 Juuuy 1993 ill aU Member Sta&el acept tboM wttb traD11ioDaJ ananpmeldl (Spain - 3 yean; Portupl - S yean; 
Greece - s  yean). 
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1996/1997 
1997/2000 
1995/2010 
First licensing of pan-European telecommunications operators. 
First competition under new regulations for networks and services. 
Rapid rebalancing of tariffs as international and national tariffs fall  in 
response to competition. 
It is likely that the Universal Service Obligation effectively ends in many 
Member States (once social objectives are achieved by direct government 
funding, or competition obviates the need for a Universal Service Obliga-
tion). 
A transition towards more cost-oriented tariffs occurs during this time, 
although tariffs  ~o not align  exactly with costs and do reflect market-
based pricing.  It should be noted that since the exact period of adjust-
ment is not known, we have found it necessary to make different assump-
tions for this particular development in the two cases; in the Minimum 
case we assume a ten-year transitional period (1995 to 2005) whilst in the 
Expansionist case we assume an expanded transitional period (1995  to 
2010). 
3.3.3  Country-by-Country Regulatory Projections 
Country-specific  regulatory  projections  (contained  in Annex  B)  will  include  consid· 
eration of the following factors: 
~  the competitive structure of the industry; the number of  telecoms providers, network 
operators and service suppliers and their respective market shares; whether these 
operate nationally,  internationally,  regionally  or locally  (e.g.  if required to meet 
social objectives, whether these are afforded the opportunity to cross-subsidise) 
~  the extent of any monopoly; for example, in the case of a network provider, whether 
the monopoly is  restricted  (to the public network, basic telephony or specialised 
services, etc.) 
~  the restriction of licences (regarding the supply of other services or geographical 
coverage, etc.) 
~  resale of leased-line capacity 
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~  third-party traffic restrictions, e.g. the use of leased lines by third parties for V  ADS 
~  interconnectivity  of public/private  networks  (the  conditions  under which  this  is 
allowed, and any surcharges which may be levied) 
~  the level of freedom of user choice in equipment supply 
..,.  equipment  standards  (e.g.  whether the public  administration retains control over 
type approval for connection to the public network) 
..,.  separation of regulatory and operational responsibilities. 
3.4  REGULATION, TEcHNOLOGY  AND INvEsTMENT 
In  this  section,  we  discuss  the impact  of regulation  both  on  telecommunications 
investment (3.4.1) and technological development (3.4.2). 
3.4.1  Regulation and Investment 
Direct and indirect regulatory forces may have a strong impact on network investment. 
In general terms, the regulatory impact on investment is reflected in the following issues: 
..,.  Firstly, who is allowed to put in the infrastructure or offer a service?  For example, if 
this is restricted to TOs then they are committed to the expense of installing a vast 
fiXed network; if  new private companies are allowed, these generally have few assets 
and will be able to enter specific new markets more easily. 
~  Secondly, what investment is permitted, and what timescale (if any)  is associated 
with this? 
~  Thirdly, how quickly will the national model break down (if  at all)? 
Investment will thus be affected by any regulatory change that: 
~  provides for the possibility of a larger market (such as co-operation and co-ordin-
ation of standards aimed at removing national boundaries). 
~  injects  more dynamism  into the sector  and  increases the opportunities for wider 
utilisation of the network. 
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if  no. strong network operators exist, this can act as deterrent to potential investors. 
•  allows new technology to deliver services to the market that cannot be provided by 
the TOs. 
3  .4.2  Regulation and Technology 
The relationship between regulation and technology does not take the same form in 
every service area.  In those service areas where the technology is new and demand less 
certain (such as ISDN), regulatory functions centre on risk reduction.  In such cases, in 
addition to the issues of interconnectivity and compatibility, the setting of standards is 
important to encourage confidence in future market growth, in ensuring co-operation 
and co-ordinated introduction, and thereby providing cost savings. 
In a  service sector such as VSATs, where the technology is no longer very new and 
where there is clear evidence for the existence of pent-up demand, the regulatory envir-
onment acts as a dam, frustrating innovation and the take-up of new services. 
Regulation that protects the position of terrestrial network operators and prevents the 
growth of two-way traffic compromises other policy goals, whether that regulation is 
imposed on political or economic grounds.  Where such compromise can be identified, 
possible solutions lie in co-operation or competition.  A  reduction of tariffs may be 
achieved by co-operation with the TOs, who will exercise some control over the speei 
and extent of the regulatory changes.  Alternatively, competition can be mobilised tl 
undertake the same function.  In this case the speed of change is dictated by the regula 
tors and by the speed of innovation of the new service providers.  The role of the regula· 
tors is then to foster competition by enforcing a timetable for the removal of obstacles tc  ' 
investment.  Regulators must also apply principles such as ensuring equality of access tr 
networks for service providers and users. 
We consider that the regulation of voice telephony, leased lines and IN services will be 
driven by the capabilities of the basic network technology as it is to become the bearer 
for value-added services which rely on network functionality.  This process has already 
begun with premium-rate services (which use the billing function in a non-standard way). 
With the implementation of intelligent networks, private service operators will in theory 
have access to many functional components from which innovative services may be built. 
The availability and rights of access to these are a major challenge for regulation, partic-
ularly for ONP. 
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3.5  THE SINGLE EUROPEAN MARKET 
The completion of the Single European Market in 1992 will form the prelude to a major 
period of restructuring and reorganisation within Europe.  As Europe recovers from the 
effects of the 1990 slow-down in world growth, many businesses will try to take early 
advantage of the opportunities offered by the Single Market. 
Consider the following likely developments: 
..,.  Many business activities will become more dispersed geographically as they locate 
manufacturing, retailing, and research facilities in different countries  . 
..,.  Many businesses will  try to gain  early advantages by  locating branches in  other 
countries, where they perceive the existence of gaps in the market. 
..,.  In some areas of business it may not be necessary to physically build a local branch. 
Instead, it might be possible to use an electronic medium to conduct business.  A 
case in point is the retail banking industry and the use of electronic service points 
located on the premises of, for example, a chain of  supermarkets. 
As a  direct result of such developments, the demand for trans-border communication 
flows and high transmission speeds will continue to grow.  Indeed, there is evidence that 
this trend will escalate as  1993  draws closer.  Furthermore, by  1995  there should be 
considerable economies of scale resulting from standardisation of the telecoms equip-
ment market. 
The potential for  pan-European carriers  in  such  an environment is  immense.  The 
incumbent TOs are faced with the challenge of harnessing some of this potential via 
their existing infrastructure.  Their ability to pedorm well will be influenced by how well 
they make the transition from government department endowed with a  monopoly to 
private sector commercially-minded organisations faced with  aspiring new  operators. 
Furthermore, the ownership and financial structures of the TOs will be of paramount 
importance.  In  the past,  governments may have imposed rigid  conditions on  P'ITs 
regarding profit retention and investment, but in the future 'conditions' are more likely 
to be dictated by shareholders and capital markets. 
The establishment of the Single Market and the moves towards greater integration of 
the EC should bring substantial changes in total GDP and real disposable income.  The 
Cecchini Reportu predicts that total GDP growth for the 12 EC countries will be 0.9% 
12  1992 - Tile £utopeDn ~.  Tbe CeccbiDi Report (Waldwood House lJd, 1988). 
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age that, on average, real disposable income per head after 2000 could approach twice 
its current level within the Community.  This (combined with falling costs due to tech-
nological advances)  will  be reflected in increased demand for products such as cable 
television, and even videophones in the home. 
Convergence and the Single European Market 
The completion of the Single European Market forms only a part of the move which is 
now taking place towards integration and convergence in the EC.  The successful incor-
poration of Sterling into  the Exchange  Rate Mechanism  of the European Monetary 
System (EMS) will reduce currency fluctuations in the EC and reduce the variance of 
interest rates and inflation within the EC.  These trends will be accentuated by the (as 
yet tentative) moves towards monetary union of the 12 EC Member States. 
The biggest challenge for policy makers in this area will be to ensure that the peripheral 
and less developed regions of the EC do converge with the other Member States.  This 
will  not be easy;  although growth in Spain and Portugal exceeded S%  in real terms 
during the latter half of the 1980s, it then tailed off by the end of the decade.  If  there is 
to be some degree of convergence with the rest of the EC over the next two decades, 
growth in these countries must return to (and then remain at) its former high level.  In 
the longer term we expect the EC to increase its output, at the expense of the world's 
other major trading powers; in particular, the gap in growth between Japan and the EC 
will be narrowed. 
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4/ Aggregate Quantitative Results for the EC 
This chapter presents our aggregate assumptions for  demand and competition,  and 
aggregate quantitative modelling results for the 12 countries of the EC.  Clearly, these 
aggregate  EC results  mask  the wide  range  of results  for  individual countries;  the 
corresponding assumptions and results for individual countries appear in Annex C. 
Section 4.1 explains the layout and content of the input and results graphs.  Section 4.2 
includes commentary on the Expansionist case results, and the full set of input graphs 
and model results.  Similarly, Section 4.3 provides commentary on the Minimum case 
results, and includes the full set of  input graphs and model results. 
The model results for each  case are accompanied by  print-outs of TO accounts and 
country  accounts  which  detail  the financial  performance  of the TOs  and  the  EC 
countries as a whole. 
4.1  INTRODUCDON 
In this section we explain the layout and content of the input and results graphs.  An 
explanation  of financial  terms used on the graphs  and  accounts  print-outs  appears 
towards the end of this volume. 
Input graphs and model results relating to both the Expansionist and Minimum case 
models are presented, together with commentary on individual graphs from each case. 
The graphs for each model run are preceded by a summary table which includes data on 
demand, traffic and financial results.l  All graphs and tables show time-series, indicating 
how demand and results will change over time.  It should be noted that all data on traffic 
and connections represent the mid-point of  the appropriate year. 
1  The modell luwe beea naa lor tM period 1990-2010, ucla.....,  data II pea lor tbe years 1990, 1995,2000 uc12010. 
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services are referred to as 'bearer services' on some Exhibits (since they are the services 
that  'bear'  or carry  the  various  applications),  but  they  can  also  be  thought  of as 
'connection types', since they are the various means by which applications are connected 
to the network. 
A  consistent numbering scheme has been adopted for the graphs from all model runs. 
The Exhibit number of each result graph takes the form EC.Z.N, where: 
~  EC denotes that the results are aggregate results for the 12 EC Member States 
~  Z is a character identifying the case: X for Expansionist, and M for Minimum case 
~  N is a number in the standard series of  graphs, as listed below. 
The standard input data graphs (Graphs 1 to 16)  are described below.  No detailed 
commentary is provided on the input graphs for each model; in many cases, the input 
graphs are self-explanatory. 
4.1.1  Input Data Graphs 
1: Total Network Traffic 
2: Customer Base 
3: Network Busy Hour Traffic 
4: Network Lines 
Graph 1 shows the profile of Total Network 
Traffic (which drives the demand for bearer 
services)  by  application.  Total  Network 
Traffic is  expressed  in  millions  of Annual 
Call Minutes. 
Graph 2  shows  the Customer Base of the 
network, in terms of numbers of customers 
in  each  type  of establishment  (residentiaJ 
plus four types of  business establishment). 
Graph 3 shows Network Busy Hour Traffic 
by the bearer service, expressed in millions 
of  Busy  Hour  Erlangs.  The  graph 
represents the Busy Hour Traffic generated 
by  the customers from  Graph 2  using  the 
applications shown in Graph 1. 
Graph 4 shows network lines supplied by the 
different bearer services.  Network lines are 
here  expressed  in  millions  of  equivalent 
voice  circuits,  an  equivalent  voice  circuit 
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being  the  capacity  required  to  carry  one 
voice conversation.  The number of lines is 
not  necessarily  identical to  the number  of 
connections shown in Graphs 5 to 8; this will 
depend  on  the  applications  carried by  the 
service. 
Graphs 5 to 8 show the number of network connections for the following bearer services: 
....  Basic Telephony, Basic-Rate ISDN, Mobiles (Graph 5) 
....  Primary-Rate ISDN, Narrowband Leased Lines, Broadband (Graph 6) 
....  Broadband Leased Lines (Graph 7) 
..,..  Telex, Packet-Switched Data Network, Public Payphones (Graph 8). 
Graphs 9 to 12 show the relationship between the network busy-hour traffic in Graph 3 
and the network lines in Graph 4, for certain bearer services: 
9: Network Busy Hour Traffic per Business 
Line (Public Switched Services) 
10: Network Busy Hour Traffic per Line 
(Basic Telephony and ISDN) 
11: Network Busy Hour Traffic per Line 
(Mobiles) 
Graph 9 compares the Network Busy Hour 
Traffic  per  Line  between  business  estab-
lishments of different sizes.  Since different 
sizes  of  business  establishment  will  use 
different bearer services, an aggregate Net-
work Busy Hour Traffic per Line is calcu-
lated across all Public Switched Services  -
Business  Telephony,  Basic-Rate  ISDN, 
Primary-Rate ISDN  and Broadband.  This 
aggregate  is  simply  calculated  as  the total 
Network Busy Hour Traffic originating from 
an establishment divided by the total num-
'  ber of network lines connected to that estab-
lishment 
Graph 10 shows Network Busy Hour Traffic 
per Line for Business Telephony,  Residen-
tial  Telephony,  Basic-Rate  ISDN  and 
Primary-Rate  ISDN.  Total  Primary-Rate 
ISDN  connections  are shown  in  Graph  6, 
and  total connections for  the other bearer 
services shown here are indicated in Graph 
5. 
Total  mobiles  connections  are  shown  in 
Graph 5. 
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(Broadband) 
Total broadband connections are shown in 
Graph 6. 
Graphs 13 to 15 (which show competitor market share for particular bearer services) are 
not shown for the EC as a whole. 
16: Network Connections, Demand from 
Mobiles Operators 
4.1.2  Output Data Graphs 
Graph 16  shows  the number of leased-line 
connections which are used for transmission 
by  mobiles  operators (over and  above  the 
leased-line connections shown in  Graphs 6 
and 7). 
Graphs 17 to 47 are the standard output data graphs, which include graphs on installed 
equipment (17  to 23),  capital outlay  (24  to 28),  service revenue and cost (29  to 40), 
tariffs (  41 and 42), and financial performance (  43 to 47). 
All the output graphs relate to the 12 EC Member States as a whole, except for Graphs 
45 to 47 (inclusive  ).2 
Between Graphs 40 and 41, a set of summary accounts - Profit and Loss, Balance Sheet 
and Source and Application of Funds  - are included for each year of the modelling 
period.  Total network investment appears within the Source and Application of Funds 
under 'Net Expenditure on Tangible Fixed Assets'. 
Two points should be noted: 
..,.  Two sets of summary accounts have been produced: one describing the TOs, and 
another for the EC countries as a whole.  Each set of accounts comprises four pages, 
each covering five years of the modelling period. 
~  1990 financial data have been taken from two different sources and it has not always 
been possible to reconcile these two sources exactly.  Financial data in Graphs 1 to 
42 come directly from the Investment Model itself, while data in the Summary Sheet 
(which appears immediately before the graphs), the Summary Accounts tables, and 
Graphs 43  to  47  come from  the Financial Accounts  which  are produced  as  an 
adjunct to the Investment Model.  For 1990 itself, therefore, the data are not neces-
sarily  exactly  the  same;  the  start  data  used  in  the  model  may  not  correspond 
2  For the EC, Oraph 46 relalel to lbe countries' TO&, wblle Orapbl45 and •1 proride a comparison between the TOa ud  the countries u 
a wbolc. 
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completely to the start data shown in the Financial Accounts.  This is because it has 
not always been possible to cahbrate the model exactly on 1990 data shown in the 
accounts, as explained in Annex A of this Report, Section A2.3.4. 
From 1991  onwards, however,  the two  sources (Investment Model and Financial 
Accounts) contain the same data: revenue, expenditure and cash streams resulting 
from  the Investment Model are shown  in the Financial Accounts and impact on 
balances existing at the previous year end. 
INSTALLED EQUIPMENT 
Note that in the graphs of installed equipment (Graphs 17 to 23) only the most signif-
icant types of installed equipment are shown; in particular, equipment used by the less 
significant services (telex, for example) is not shown. 
17: Local Access Connections 
18: Local Switch Connections 
Graph 17 shows the number of local access 
connections  made  using  different  access 
technolopes; it shows only the most signif-
icant  types  of  local  access  connection. 
Demand for local access connections arises 
from the demand for network lines shown in 
Graph 4. 
Graph 18 shows the number of connections 
made to local switches of different types; it 
shows only the most significant types of  local 
access connection.  Demand for connections 
to local switches arises from the demand for 
network lines shown in Graph 4. 
Graphs 19 to 23 show the installed capacity of the switching and transmission elements 
at the higher levels of  the network hierarchy: 
.- Junction Transmission (Graph 19) 
.- Transit Switching (Graph 20) 
.- Transit Transmission (Graph 21) 
.- International Switching (Graph 22) 
..,.  International Transmission (Graph 23). 
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24: Network Capital Outlay 
25: CPE Expenditure 
26: Local Access Capital Outlay 
27: Local Switching Capital Outlay 
Graph 24 shows total network capital outlay, 
analysed according to the particular function 
performed by the equipment in the network. 
In  this graph, CPE includes the capitalised 
value of CPE Sales Expenditure.  Note that 
1990 figures for total Network Capital Out-
lay  (after  the  deduction  of  CPE  Sales 
Expenditure) are not necessarily  the same 
as  the figures  for Capital Outlay in  Graph 
43.  As indicated above (page 98), the 1990 
figures  on  these  two  graphs  are  derived 
from different sources. 
Graph  25  shows  CPE  Expenditure,  both 
Sales and Rental.  This is expenditure by the 
TO and other equipment retailers on CPE 
for  resale  and  rental to customers.  Note 
that expenditure on CPE for resale is  not 
capitalised,  since  the  equipment  is  only 
owned by the retailer whilst in stock. 
Graph 26  shows the capital expenditure on 
local access to the network (from Graph 24) 
split according to the type of access mode 
used.  'Local  Access  - Basic'  includes 
expenditure on all types of fixed access link, 
but does not include any access termination 
costs which are bearer-service-specific, such 
as  'Customer  Termination  ISDN'. 
Expenditure  on  'Local  Access  - Mobile' 
includes the cost of mobile base stations, but 
not the handsets which are included under 
CPE. 
Graph 27  shows the capital expenditure on 
local  switching  (from  Graph  24)  split 
according to the type of switch used.  'Local 
Switching - Basic' includes all types of local 
switch  used  to provide connections to the 
basic  telephony  services  - Business  Tele-
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28: International Transmission Capital 
Outlay 
SERVICE REVENUE AND COST 
29: Revenue and Charge per Connection 
(Basic Telephony Business) 
30: Revenue and Charge per Connection 
(Basic Telephony Residential) 
31: Revenue and Charge per Connection 
(Mobiles) 
32: Revenue and Charge per Connection 
(Leased Lines) 
33: Revenue and Charge per Connection 
(ISDN) 
34: Revenue and Chmge per Connection 
(Broadband) 
35: CPE Revenue and Costs 
phony,  Residential  Telephony  and  Public 
Payphones. 
Graph 28  shows the capital expenditure on 
international transmission (from Graph 24) 
split  according  to  the  transmission  mode 
used. 
Graph  29  shows  revenue  and  charge  per 
connection  for  the  Business  Telephony 
bearer service. 
Graph  30  shows  revenue  and  charge  per 
connection  for  the  Residential  Telephony 
bearer service. 
Graph  31  shows  revenue  and  charge  per 
connection for the Mobiles service. 
Graph 32  shows  revenue  and  charge  per 
connection  for  both  Narrowband  and 
Broadband Leased Line services. 
Graph  33  shows  revenue  and  charge  per 
connection for the Basic- and Primary-Rate 
ISDN services. 
Graph  34  shows  revenue  and  charge  per 
connection for switched Broadband. 
Graph 35  shows  total revenue  from  CPE 
rental  and  sales  together  with  the  capital 
charge arising from  CPE rental equipment 
and  the  overall  operating  charge  (which 
includes  both  this  capital  charge  and  the 
cost to the retailer of  CPE sales equipment). 
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per connection in Graphs 29 to 34. 
36: Telephony Revenue and Costs 
37: Leased Lines Revenue and Costs 
38: ISDN Revenue and Costs 
Graph 36 shows total revenue and costs for 
Value-Added  Services,  in  addition  to  the 
basic  telephony  services  (Business  Tele-
phony,  Residential  Telephony  and  Public 
Payphones  ). 
Graph 37 shows total revenue and costs for 
the  Narrowband  and  Broadband  Leased 
Lines services. 
Graph 38 shows total revenue and costs for 
the Basic- and Primary-Rate ISDN services. 
The final graphs in this category show the total revenue and costs for the Mobiles service 
(Graph 39) and switched Broadband (Graph 40). 
TARIFFS 
41: Total Variation of  Service Revenues 
from Costs 
42: Index of  Revenue per CaU Minute 
Graph  41  shows  the  aggregate  (over  all 
services)  of the absolute amount by which 
Service Revenues vary from costs.  It gives 
an  indication  of  the  progress  of  tariff 
rebalancing. 
Graph 42 expresses revenue per call minute 
for  residential  and business  subscnbers as 
indices, where 1990  = 100.  The index for 
residential subscnbers is simply based upon 
the Residential Telephony Service; that for 
business subscribers includes Business Tele-
phony,  Basic  and Primary Rate ISDN and 
Broadband, with  total revenue  from  these 
services being divided by total call minutes 
to calculate the index. 
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FINANCIAL 
43: Network Costs and Revenues  Graph 43 is a stacked bar chart consisting of 
the following items: 
..,.  (Network)  Capital  Outlay.  This is  iden-
tical  to  Net  Expenditure  on  Tangible 
Fixed  Assets  shown  in  the  accounts 
tables.  It does not include the capitalised 
value of CPE Sales Expenditure, which is 
shown in Graph 24.  Note that it may not 
be possible to reconcile 1990 data on this 
Graph  with  those  on  Graph  24,  since 
they are derived from  different  sources 
(see page 98 above)  . 
..,.  Running Costs  . 
..,.  Indirect  Costs.  These  do  not  include 
Exceptional  Charges,  which  are  single 
non-recurring  charges, sucn  as  redun-
dancy costs associated with a restructur-
ing of the organisation  . 
..,.  Funds from  Operations.  These are calc-
ulated  after  deducting  any  Exceptional 
Charges. 
The sum of these items plus any Exceptional 
Charge, equals Revenue, which is shown as 
a  line  in  Graph  43.  The line  indicating 
Revenue normally passes through the top of . 
the stacked bar, except when: 
•  There is an Exceptional Charge, in which 
case the revenue line passes  above  the 
top of the stacked bar  . 
..,.  Any of the items in the stacked bar has a 
negative value, in which case the negative 
item  is  shown  at  the  bottom  of  the 
stacked  bar,  below  the  horizontal  axis. 
The  stacked  bar  then  rises  above  the 
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45: Profit Margin: Comparison of  TO and 
Country 
46: Analysis of  TO's Net Assets 
47: TO's Comparative Performance in 
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4.2  EXPANSIONIST CAsE RESULTS 
Installed Equipment 
revenue line by  an amount equal to the 
negative item (so that the 'net' value of 
the stacked bar equals Revenue). 
Graph 44 shows network cash flow and cash 
balance. 
Graph  45  compares  the profit  margin  for 
the TOs with the profit margin for the EC 
countries as a whole. 
Graph 46  provides an analysis of the TOs' 
net assets. 
Graph 47 provides a comparison of the TOs' 
performance  (in  terms  of  shares  of 
Turnover, Investment and Retained Profit) 
in 1990 with their performance in 2010. 
Under the Expansionist case the number of copper-based connections will be 240 million 
at its peak, falling to about 170 million at the end of the period.  This contrasts with a 
steep rise in the number of Basic fibre connections after 1995; these will total more than 
70% of the total number of copper-based connections at the end of the period (Exhibit 
EC.X.17).  Analogue switches will gradually decline from 105 million connections at the 
start of the period,  but will  still total 20 million  connections in 2000.  The installed 
capacity of digital switches will grow rapidly to a peak of nearly 190 million connections 
in 2001,  and  after this time the number of A  TM switches will increase by more than 
15 million  connections per year.  Basic-Rate ISDN and Mobile connections will  also 
grow, though more slowly, at about 5 million connections per year (Exlubit EC.X.18). 
The amount of installed fibre capacity in the junction and transmission networks will 
grow  very  significantly,  to reach  90 million  Erlangs  and  23 million  Erlangs of traffic 
respectively in 2010 (Exhibits EC.X.19 and EC.X.21).  Meanwhile, copper in the junction 
transmission  network will  decrease,  and will  have almost  disappeared by  2000,  while 
microwave .will  increase slowly,  to a  capacity of 10 million  Erlangs of traffic in  2010 
(Exhibit EC.X.19).  The total capacity in the junction transmission network at the end of 
the period will be over seven times its 1990 value. 
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The dominance of digit~ switches in the transit network will  grow slowly,  reaching a 
peak capacity  of 9 million  Erlangs  of traffic  in  2001.  After 2001,  however,  digital 
switches in  the transit network will decline, as the installed base of broadband transit 
switches  increases.  Broadband  transit  switches  will  represent  a  total  capacity  of 
49 million  Erlangs of traffic in 2010,  which will  cany 90%  of transit traffic  {~ibit 
EC.X.20).  In international switching, broadband switches will grow much less quickly, to 
provide around 15% of the total capacity of just under 6 million Erlangs of traffic in 
2010 (Exhibit EC.X.22). 
For international transmission the increase in installed capacity will be very significant, 
and capacity at the end of the period will be nearly 12 times its 1990 value.  Initially the 
growth will  be mostly in satellites, but growth  will  slow  down  after 1998,  and  inter-
national cable capacity will increase and overtake that of  satellites in 2005.  The installed 
capacity of international satellites will start to increase significantly again after 2007 
(Exhibit EC.X.23). 
Capital Outlay 
The total of network capital outlay will increase markedly between 1990 and 2010, from 
about ECU 33 billion p.a. to about ECU 175 billion p.a. (Exhibit EC.X.24).  However, its 
composition will change very little over the period.  Local access will grow slightly more 
than local switching or CPE.  The most significant part of local access capital outlay will 
be  Basic  Local  Access,  which  will  be  about  ECU 37 billion  p.a.  in  2010  (Exhibit 
EC.X.26).  However,  ISDN  customer  termination  will  also  grow  significantly,  to 
comprise more than 25% of  annual total access capital outlay at the end of the period. 
The most notable aspect of the CPE expenditure graph is the change in the composition 
of expenditure between rental and sales.  Terminal rentals comprised 70% of the CPE 
expenditure  in  1990,  but  by  2010  will  have  fallen  to  about  30%  of the  total  of 
ECU 48 billion,  CPE rental expenditure  having temporarily fallen  in absolute terms 
during the 1990s (Exlubit EC.X.2S).  In local switching, ISDN will take up the majority 
of annual  capital  expenditure  from  2002,  but  capital  expenditure  on mobiles  local 
switching will  also  display growth, comprising over ECU 3 billion  in 2010,  as against 
ECU 1 billion in 1990 (Exlubit EC.X.27). 
The most  irregular prof.t.le  in  capital  outlay is  for  international transmission,  where 
annual expenditure will rise to a peak of ECU 1.6 billion in 1995, but then decline to the 
year  2000.  After  this,  there  will  be  a  steep  annual  increase  in  expenditure  to 
ECU 9.4 billion p.a. in 2010.  Throughout the whole of the period international cable 
expenditure will grow steadily.  The breaks in trend will be caused by the variability of 
international satellite expenditure (Exhibit EC.X.28). 
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£CX.28 Revenue and Charge per Connection 
Substantial profitability in the business segment of the basic telephony connection type 
of nearly ECU 600  per connection in  1990  will  be eroded increasingly after 1994  as 
revenue per connection falls, but from 2005 the rate of reduction will slow.  Profitability 
will remain broadly constant at around ECU 100 per connection from 2007 to the end of 
the period (Exhibit EC.X.29).  By contrast, the residential basic telephony service was 
much less profitable at ECU 60 per connection in 1990, but this will increase marginally 
as unit costs fall (after 1991) and revenues per connection rise gradually (until2001).  By 
2010 profitability will be about ECU 90 per connectio~ {Exhibit EC.X.30). 
The mobiles  service began the period with  a profit of ECU 550  per connection, but 
falling unit revenues will gradually reduce this to ECU 100 per connection by 2010. 
The revenue per connection for the leased-line service will rise steadily unti11997 (when 
it will  reach ECU 2400},  and it will then decline before rising again from  2005.  The 
overall charge per connection will follow a similar but less marked trend, and profitabil-
ity will reach a  maximum  of ECU 1100  per connection in  1996,  before finishing the 
period at about ECU 500 per connection (Exhibit EC.X.32).  ISDN profits per connec-
tion will be gradually reduced from ECU 1400 in 1990 to only ECU 400 in 2010 (Exhibit 
EC.X.33), w~e  Broadband unit revenues and charges will follow a similar pattern as for 
mobiles - rapidly falling revenues per connection (with the exception of 1998), and unit 
charges falling less rapidly than this (Exlubit EC.X.34). 
Service Financial Performance 
The CPE market will be characterised by losses in the early years, but then move intc 
profitability in the latter half of the 1990s,  after which profits will gradually  increase~ 
reaching  ECU 19 billion  in  2010,  with  revenues  of  over  ECU 80 billion  (Exhibh 
EC.X.35).  As the purchase of CPE becomes more economical and popular, the capital 
charge will  represent a  decreasing proportion of the total operating charge,  and will 
actually be in decline unti11998. 
In the telephony service revenues will continue on a healthy upward path throughout the 
period, although there will be a slight slow-down in the late 1990s as cost-orientation of 
tariffs takes effect.  However, because the operating charge will increase more or less in 
line  with  revenues,  profits  will  remain  broadly  constant,  standing  at  about 
ECU 34 billion in 2010 (Exhibit EC.X.36).  It should be noted that the capital charge will 
increase only slightly between 1990 and 2005, after which it will begin to decline. 
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Revenue from leased lines (Exlubit EC.X.37),  mobiles  (Exhibit EC.X.39)  and Broad-
band  (Exhibit  EC.X.40)  will  only  make  a  small  contribution  to  overall  revenue, 
compared with  services  already  discussed.  The strongest performance will  be from 
mobiles; revenue in 2010 (nearly ECU 16 billion) will be over eight times the value for 
1990.  This is in  marked contrast to the revenue per connection figures for mobiles in 
Exhibit  EC.X.31,  and  indicates  that  the  mobiles  market will  grow  very  significantly 
throughout the period (in terms of  volume). 
Overall Financial Trends 
Service  revenues  will  gradually  move  towards  costs  from  1994  onwards  (Exhibit 
EC.X.41 ), but will still vary from costs by  over 30% at the end of the period.  While 
business telephony revenues per call minute will fall continuously and steeply, residential 
revenues per call minute will fall less quickly, and will be 42% of their 1990 level at the 
end of the period, compared with 21% for business telephony (Exlubit EC.X.42). 
Indicators of overall financial trends for the telecoms industry in the EC as a whole will 
be favourable.  However,  this  masks  a  wide  variation  between  the  individual  EC 
countries.  Consideration of network costs and revenues (Exlubit EC.X.43) shows that 
while funds from operations were negative in  1990 and 1991, they will then be positive 
until the closing years of the period.  Network cash flow will turn negative in 2008 due to 
the large  scale  of investment  under  the Expansionist  case  (Exhibit  EC.X.44  ).  The 
positive cash flow in the earlier years of the period will result in a gradually increasing 
cash balance (from ECU 8 billion in 1990 to ECU 89 billion in 2007).  The TOs will have 
nearly 87% of this accumulated cash balance in 2007, and so the TOs will still perform 
well under the Expansionist case, despite the increase in h'beralisation measureS. 
On the assumption that the whole of network cash flow will feed directly into the cash 
balance in the balance sheet, the resultant change in the structure of the balance sheets 
of the European TOs as a whole is illustrated in Exlubit EC.X.46.  This shows that net 
current assets will represent -1% of  total net assets in 2010- an improvement compared 
to the position in 1990, when net current assets were -7%. 
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Exhibit EC.X.45 shows that in the short to medium term the TOs in the 12 EC countries  .Exhibil 
will  gradually  increase  their profit  margins,  reaching  16.4%  in  1999.  This  is  nearly  .£cx45 
double the value for  1990.  However, profit margins will then dip as a large increase in 
network capital outlay feeds through into depreciation costs.  By the end of the period, 
however, profit margins will still be close to 13%.  After 2003, the profit rate of the TOs 
will fall  slightly below that of the EC as a whole,  as the new  operators win  a greater 
share of markets. 
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In  1990  the TOs were already facing  competition, and had less than a  100%  market 
share of turnover and investment (Exhibit EC.X.47).  By 2010, however, the TOs' share 
of turnover will have fallen to less than 74%, but their share of investment will only have 
declined to 79%.  More marked is the decline in the TOs' share of retained profit -
72%---in 2010, compared to 92% in 1990.  The large growth in markets in the Expansion-
ist case will of itself encourage competitive entry into the most profitable areas, and so 
boost the competitors' share of profits. 
4.3  MINIMUM CAsE REsULTS 
Installed Equipment 
At the peak in 1998, over 220 million connections will be copper-based in the Minimum 
case, fewer than in the Expansionist case.  Between 1999 and 2010 there will be a reduc-
tion in copper-based connections of around 30%, to about 150 million.  This decline will 
take place alongside the advancement of fibre into the local loop.  By 2010 there will be 
about two-thirds as much installed fibre as copper, a  smaller proportion thanm  -the 
Expansionist case (Exhibit EC.M.17).  The peak of digital switching will be reached in 
2001  (at over 160 million connections), and by this time the number of ATM switches 
will be increasing rapidly, by about 10 million connections p.a.  Basic-Rate ISDN and 
mobile switch connections will also grow significantly, by about 3 million connections and 
2 million connections per year respectively (Exlubit EC.M.18), although this is less rapid 
growth than in the Expansionist case. 
Fibre-transmission capacity in the junction network will increase significantly throughoul 
the period, with substantial increases after 2000.  By 2010 the fibre capacity in the june· 
tion transmission network will be more than 50 million Erlangs of traffic, compared to a 
little over 5 million Erlangs at the start of the period, but the 2010 figure will still be only 
slightly more than half that for the Expansionist case (Exlubit EC.M.19). 
Broadband transit switches will be introduced in 1996,  and their installed capacity will 
grow rapidly to a capacity of over 25 million Erlangs by 2010, about 90% of total transit 
switch capacity (Exlubit EC.M.20).  However, this total transit capacity is only slightly 
more than half that of the Expansionist case in the same year. 
Transit transmission will follow a similar proftle to junction transmission, except that the 
growth of fibre will initially be rather slower in transit transmission.  However, fibre will 
still grow from less than 2 million Erlangs of traffic in 1990 to 13 million Erlangs by the 
end  of the  period  (Exhibit  EC.M.21 ),  although  this  is  significantly  lower  than  the 
corresponding figure in the Expansionist case. 
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In the area of international traffic the switching capacity will increase gradually through-
out the period, but after 2000 the capacity of basic switches will grow markedly, while 
. broadband switches will begin to become important.  Even so, the capacity of broadband 
switches will only be 500 000 Erlangs of traffic in 2010, less than one-sixth of the total 
capacity in that year (Exlubit EC.M.22).  While the total international switching capacity 
will grow sevenfold during the period, the installed capacity of  international transmission 
will grow by a factor of nine, though this is less of an increase than in the Expansionist 
case (Exhibit EC.M.23). 
Capital Outlay 
The growth  in  total network capital outlay will  be significant,  the 2010  figure  being 
nearly three times that for 1990 (Exhibit EC.M.24).  However, this will only be about 
50% of the Expansionist case figure.  Unlike the Expansionist case, local access capital 
outlay will not increase steadily in the early years of the period; in fact it will be broadly 
static between 1995 and 2000 (ExJubit EC.M.26).  Similarly, there will be no growth in 
local  access  capital outlay  between  1995  and  2000  (Exlubit  EC.M.26),  while  in  the 
Expansionist case there will be a small increase.  The result is that CPE expenditure 
(where growth continues) will assume a larger proportion of total network capital outlay 
at the end of the period than it will under the Expansionist case (ExJubit EC.M.25). 
In local access, annual expenditure on ISDN customer terminations will become impor-
tant after 2000, but by 2010 it will only amount to about 30% of total local access capital 
outlay  (Exhibit  EC.M.26).  In local switching the picture will be very different, with 
ISDN becoming the largest part of annual capital outlay on local switching by the end of 
the period (Exhibit EC.M.27). 
Capital outlay on international transmission will follow a very similar pattern to that in 
the Expansionist case.  This will lead to total outlay of ECU 4.7 billion in 2010,  about 
60%  of which  will  be composed  of expenditure  on  international  satellites '(Exhibit 
EC.M.28). 
Revenue and Charge per Connection 
In the Minimum case, tariffs will be oriented to costs at a slightly faster pace than in the 
Expansionist case, and the process of readjustment will therefore slow down earlier (in 
2004 ), as can be seen from the Basic Telephony Business graph (Exhibit EC.M.29).  In 
the residential market there will be lower revenue per connection than in the Expan-
sionist  case  after  1995;  this will  have  an  effect  on profitability,  which  will  be about 
ECU 70  per connection  from  2000  onwards,  as opposed  to around ECU 100  in  the 
Expansionist case during the same period (Exhibit EC.M.30). 
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·ECM.JO From the mid-1990s,  revenue per connection for  the mobiles  service will  be  slightly 
lower than in the Expansionist case, and this will lead to slightly lower profitability to the 
end of the period. 
Although the overall charges per connection for the leased-line and ISDN services will 
be very similar to the Expansionist case, the revenues per connection will be lower.  The 
net result will be to reduce profit per connection slightly relative to the Expansionist case 
(Exhibits EC.M.32  and EC.M.33).  Take-up of Broadband in the early years will  be 
lower than in  the Expansionist case,  and so  this will  lead to revenue per connection 
between  1998  and 2004  being  around ECU 500  lower  than in  the Expansionist  case 
(Exhibit EC.M.34  ). 
Service Financial Perfonnance 
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CPE will take slightly longer to move into profit than in the Expansionist case.  Profits  Exhibit 
will gradually increase, to reach ECU 10 billion in 2010 (Exhibit EC.M.35).  EC,M.Js 
In the telephony service revenues will continue on an upward trend in the short term,  ·  E.du/Jil 
but will then decline after 1996 as new services are introduced and tariffs fall.  The total  .~P-!4~~6 
operating charge, however, will continue to rise until the early years of the 21st century. 
The end result is that revenue in 2010 (ECU 66 billion) will be slightly less than in 1990 
(ECU 70 billion),  while  profits  will  be just  ECU 15 billion,  half of the  1990  figure 
(Exhibit EC.M.36).  The poor performance of the telephony service compared to its 
performance in  the Expansionist  case is  an important feature of the Minimum case 
results. 
ISDN revenue will grow rapidly after the year 2000, and by 2010 will be as much as 70% 
of the telephony revenue.  However, it should be noted that the capital charge for ISDN 
will be over twice that of the telephony service at the end of the period (ECU 25 billion 
compared to ECU 15 billion). 
The revenue from  other services will be relatively insignificant compared to telephony 
and ISDN (Exhibits EC.M.37, EC.M.39 and EC.M.40).  As in the Expansionist case the 
strongest performance will  be  from  mobiles,  and revenue will  grow  to  reach  nearly 
ECU 11 billion in 2010,  over five  times the 1990 value (Exlubit EC.M.39).  However, 
revenues will  be significantly lower than in the Expansionist case, where the mobiles 
service will expand considerably. 
-------------------Analy..sy_s _ 
4/ AGGREGATE QUANTITATIVE RESULTS FOR THE EC 
.f.C.t.or 
~-:t '"  1, 
Ei-:,.~ J)f 
''":Qri.d::  .. 
:Ecji~ PERFORMANCE OF 771£ 7ELECOMMUN/CA.170NS SECTOR UP ro 2110 
OveraU Financial Trends 
The movement of tariffs toward costs will be much faster in the Minimum case than in 
the Expansionist case, and service revenues will vary from costs by only. 27% in  2010, 
compared to 33% in the Expansionist case (Exhibit EC.M.41).  The effect on revenues 
per call minute for the business market will be very similar to that in the Expansionist 
case, unlike the residential market.  Residential revenues per call minute will fall by less 
than  15%  between  1990  and 2010,  compared with  a  reduction of nearly 60%  in  the 
Expansionist case (Exhibit EC.M.42). 
As in  the Expansionist case funds from  operations will  generally be positive (Exhibit 
EC.M.43), but the positive network cash flow will persist almost to the end of the period 
in the Minimum case.  It is only in 2010 that it will become negative (Exhibit EC.M.44), 
whereas cash flows  in the Expansionist case tum negative in 2008.  However,  in  the 
Minimum case the total network revenue and network capital outlay will be much lower 
than  in  the Expansionist  case,  especially  after 2000.  Total network turnover in  the 
Minimum case for 2010 will be ECU 188 billion, compared to ECU 322 billion in  the 
Expansionist case.  Similarly,  operating costs in 2010  will be ECU 152 billion  in  the 
Minimum case, but ECU 245 billion in the Expansionist case. 
Exhibit EC.M.45 shows that in the short term the profit margin of the TOs in the 12 EC 
countries will  increase sharply  to  15%.  Unlike the Expansionist  case,  however,  this 
trend will be short-lived, and a decline in profit margins will be observed in the medium 
term when competitive forces and cost and tariff changes have an impact.  Between 2004 
and 2010, the profit margin will remain stable at just over 10%.  Throughout this time 
the profit margins of the TOs and the total EC telecoms operations as  a whole will 
remain very similar.  Both the peak profit margin and the profit margin reached at the 
end of the period will be lower than in the Expansionist case. 
Operations' Financial Peifonnance 
In the Minimum case the TOs' share of retained profit and of turnover in 2010 will be 
higher than in the Expansionist case, but not significantly so.  However, their share of 
investment  in  2010  will  be 83%,  compared to 79%  in  the Expansionist  case,  where 
greater h"beralisation will encourage new investment by competitors to the TOs. 
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EXHIBIT EC.X2:  Customer Base 
No of Customers (Millions) 
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EXHIBIT EC.X3:  Network Bu.sy Hour Traffic 
Busy Hour ErJangs (Millions) 
Bearer Services: 
lW  ~------------------------------------
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EXHIBIT EC.X4:  Network Lines 
Equivalent Voice Circuits (Millions) 
2005  2010 
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•  Buainea Telepboay EC Total Expansionist Case 
EXHIBIT EC.X5:  Network Connections (1) 
Connections (Millions) 
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EXHIBIT  EC.X6:  Network Connections (2) 
Connections (Millions) 
7  ~-------------------------------
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--lr-- Broadbaod EC Total Expansionist Case 
EXHIBIT EC.X7:  Network Connections (3) 
Connections (Thousands) 
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EXHIBIT EC.XB:  Network Connections (4) 
Connections (Thousands) 
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Bearer Services: 
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-fr-- Public Plypbones EC Total Expansionist Case 
EXHIBIT EC.X.9:  Network Busy Hour Traffic per Business Line for Public Switched 
Services 
Busy Hour Erlangs 
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EXHIBIT EC.X.l 0:  Network Busy Hour Traffic per Line for Basic Telephony and ISDN 
Busy Hour Erlangs 
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1990  1995  2000  2005  2010 EC Total Expansionist Case 
EXHIBIT EC.X.Jl:  Network Busy How Traffic per Line for Mobiles 
Busy Hour Erlangs 
0.07 --r---------------------------
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1990  199S  2000  2005  2010 
EXHIBIT EC.X12:  Network Busy How Traffic per Line for Broadband 
Busy Hour Erlangs 
0.25 --------------------------
0.00 
1990  1995  2000  2005  2010 EC Total Expansionist Case 
EXHIBIT EC.X16:  Network Connections, Demand from Mobiles Operators 
Connections (Thousands) 
~  ~------------------------~~~-
Bearer SeJVices: 
----G-- Narrowband Leased Unes 
~  Broadband Leased Lines 
0 ¥-~~~~~~~~~~~~~~~~ 
1990  1995  2000  2005  2010 EC Total Expansionist Case 
EXHIBIT EC.XJ7:  Local Access Connections 
Connections (Millions) 
~  ~-------------------------------------
1~ +--------------------------------------
o·x-x-x-x-x-x-·-.-x-x-x-x-x-x-x-~ 
1990  1995  2000  2005  2010 
EXHIBIT ECX18:  Local Switch Connections 
Connections (Millions) 
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-x-Mobile switch EC Total Expansionist Case 
EXHIBIT EC.X19:  Junction Transmission Installed Capacity 
Erlangs of  Traffic (Millions) 
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EXHIBIT EC.X20:  Transit Switch Installed Capacity 
Erlangs of Traffic (Millions) 
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W10 EC Total Expansionist Case 
EXHIBIT EC.X21:  Transit Transmission Installed Capacity 
Erlangs of Traffic (Millions) 
~~-------------------------------------------------------
1990  1995  2000  2005  2010 
EXHIBIT EC.X22:  International Switch InstaUed Capacity 
Erlangs of Traffic (Millions) 
6~-------------------------------------------------------
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1990  1995  2000  2005  2010 EC Total Expansionist Case 
EXHIBIT  EC.X23:  International Transmission Installed Capacity 
Erlangs of Traffic (Thousands) 
4~~------------------------------------------------------
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.  Transmission  1'rulmllaion 
EXHIBIT EC.X24:  Network Capital Outlay 
BECU 
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Network Functions: 
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II  CPE EC Total Expansionist Case 
EXHIBIT EC.X25:  CPE Expenditure 
BECU 
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EXHIBIT EC.X26:  Local Access Capital Outlay 
BECU 
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2010 EC Total Expansionist Case 
EXHIBIT EC.X27:  Local Switching Capital Outlay 
BECU 
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EXHIBIT EC.X28:  International Transmission Capital Outlay 
BECU 
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-----------EC Total Expansionist Case 
EXHIBIT EC.X29:  Revenue and Charge per Connection: Basic Telephony Business 
ECU 
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EXHIBIT EC.X30:  Revenue and Charge per Connection: Basic Telephony Residential 
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----------------' EC Total Expansionist Case 
EXHIBIT EC.X31:  Revenue and Charge per Connection: Mobiles 
ECU 
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--D-- Revenue per CoDDedJoo 
EXHIBIT EC.X32:  Revenue and Charge per Connection: Leased Lines 
ECU 
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--D-- Revenue per Colllledioo / 
EC Total Expansionist Case 
EXHIBIT EC.X.33:  Revenue and Charge per Connection: ISDN 
ECU 
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EXHIBIT EC.X34:  Revenue and Charge per Connection: Broadband 
ECU 
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EXHIBIT  EC.X35:  CPE Revenue & Costs 
BECU 
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EXHIBIT EC.X36:  Telephony Revenue & Costs 
BECU 
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A'~L EC Total Expansionist Case 
EXHIBIT EC.X37:  Leased Lines Revenue & Costs 
BECU 
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EXHIBIT EC.X38:  ISDN Revenue & Costs 
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1-o--EC Total Expansionist Case 
EXHIBIT EC.X39:  Mobiles Revenue&: Costs 
BECU 
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Capital Cwae 
EXHIBIT EC.X40:  Broadband Revenue & Costs 
BECU 
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, I  I  • MECU  Y~ 
(1090 refen to financial year 1989/10) 
~Mflt1-~A~MllMMW£MW.Hii.@ldt~t;~;@iiW.Jt 
Turnover 
Operatin1 Cotta 
Operatin1 Profit before lntereat 
Exceptional Char1e 
Net lnterat Paid 
Profit on Ordinary Adivitia before Tax 
Tax on the Profit of Ordinary Activitia 
Profit on Ordinary Activitia after Tax 
Profit Attributable to Ordinary Shareholden 
Ordinary Dividendi 
Retained Profit for the Financial Year 
11KM) 
84,048 
62,085 
22,863 
1,183 
7,D6S 
18,717 
6,556 
7,161 
'1,161 
1,520 
S,U2 
Number of Ordinary Share.  (milliona)  28,316 
Earninp per Share (ECU)  0.258 
Profl* Marcin (•)  8.43" 
Movement lD a...rv.: 
Reltated Relerv• at Becinninl of the Year  74,221 
Retained Profit for the Year  S,U2 
Reterva at the Year end  'ID,858 
Current Aueta: 
LiabUiU.: 
Stock 
Debton 
Cub 
Crediton (tax and dividendi payable) 
Cnditon (other) 
Net Current Aueu 
Fixed AINu plua Net Current Aueu 
Crediton (amount• fallin1 due after more than one year 
Proviliolll for Llabilitia and Charca 
Minority lntereab 
Capital and Reterva 
Total 
Source of Funda: 
Profit on Orclinar:r Actlviti• before Tax 
Jhml not Jnvolvin1 Cuh Movement: Depreciation 
Total Fundi Generated from OperaUou before Tax 
Taxation Paid 
Total Sourc• of Fund• Net of Taxation 
Application of Funds: 
Net Expenditure on Tancible Fixed Aueta 
Dividend• Paid 
Jncreue in Workin1 Capital 
Total Application of Fund• 
2,859 
17,243 
'1,842 
8,085 
80,518 
(11,859) 
168,285 
82,898 
1,227 
762 
'ID,8S8 
168,285 
18,'11'1 
21,10'1 
84,824 
8,96'1 
2'1,86'1 
81,289 
2,207 
(1,58'1) 
31,109 
89,235 
64,802 
24,488 
0 
7,672 
16,761 
7,816 
9,445 
9,445 
2,19'1 
7,247 
28,816 
0.884 
10.58" 
79,858 
7,247 
87,100 
189,942 
2,859 
18,596 
5,696 
9,514 
81,597 
(14,460) 
175,482 
82,398 
5,227 
762 
87,100 
175,482 
16,781 
21,890 
88,460 
6,558 
81,904 
81,747 
1,529 
274 
83,550 
04,016 
66,764 
27,258 
0 
7,469 
19,784 
8,596 
11,187 
11,187 
2,'120 
8,467 
28,816 
0.895 
11.10" 
87,100 
8,467 
95,567 
190,558 
2,859 
19,865 
5,271 
11,817 
81,787 
(15,809) 
183,049 
82,898 
5,227 
762 
95,567 
183,049 
19,'184 
22,889 
42,173 
'1,818 
84,85'1 
82,005 
2,197 
1,079 
86,282 
Net Cuh Outflow from Operation~  (4,052)  (1,646)  (425) 
99,248 
69,027 
80,221 
0 
7,112 
28,109 
9,980 
13,129 
13,129 
8,255 
9,878 
95,567 
9,873 
105,440 
209,268 
2,859 
21,1U 
8,995 
13,288 
82,722 
(15,441) 
198,822 
82,398 
5,227 
'162 
105,440 
193,822 
28,109 
28,190 
46,290 
8,196 
3'1,'108 
82,896 
2,720 
S6S 
86,979 
1,724 
AnalyiJI Ltd 
STEM Accounu 
Venion 1.1 
104,240 
71,644 
32,595 
0 
6,702 
25,894 
11,090 
14,804 
14,804 
3,714 
11,090 
28,816 
0.528 
14.20" 
105,440 
11,090 
116,581 
218,814 
2,859 
22,874 
10,155 
14,808 
88,087 
(18,902) 
204,913 
82,393 
5,227 
762 
116,581 
204,913 
21,894 
24,077 
49,971 
O,G80 
39,991 
88,620 
3,255 
(53) 
88,831 
8,160 
109,149 
74,o609 
8o6,740 
0 
6,281 
28,459 
12,085 
16,424 
16,424 
4,178 
12,245 
28,816 
0.580 
15.05" 
118,581 
12,245 
128,776 
229,270 
2,859 
23,592 
13,583 
16,214 
85,432 
(12,111) 
217,158 
82,398 
5,227 
'162 
128,778 
217,158 
28,450 
24,013 
5S,S'I2 
11,000 
42,282 
S5,368 
S,714 
{22'1) 
38,854 
3,428 .·.::' 
.. :·:·::: 
Expansionist Cue 
MECU  Year 
(1990 refen to financial year 1989/90) 
1-P.:~~·=;~JJ~.•~~A~tt~:l:t:tw:~:~:ltrtt~ffttr:::::r::::=.:.(/~t=:::::=·::::.:. 
Turnover 
Operating Costa 
Operating Profit before Interest 
Exceptional Charge 
Net Interest Paid 
Profit on Ordinary Activities before Tax 
Tax on the Profit of Ordinary Activities 
Profit on Ordinary Activities after Tax 
Profit Attributable to Ordinary Shareholders 
Ordinary Dividends 
Retained Profit for the Financial Year 
Number of Ordinary Shares  (millions) 
Earninp per Share (ECU) 
Profit Margin (%) 
Movement in Raerva: 
Re1tated Re1ervu at Becinninc of the Year 
Retained Profit for the Year 
Ruervu at the Year end 
:!~M~~::!~~m::~::~:::~MM!M~tlil~l~ll~MtMH:M~.MllM::~:t:r:~tt::tfti/:tf 
.A.aetl: 
Fixed Assets 
Current Aaaets: 
Stock 
Debton 
Cuh 
Crediton (tax and dividends payable) 
Crediton (other) 
Net Current Assets 
Fixed Aa1et1 plus Net Current Assets 
Liabilities: 
Creditors (amount. falling due after more than one year 
Provisions for Liabilities and Charces 
Minority Interests 
Capital and Reserves 
Total 
l~;~~~t:  ..  ;;~.;  .....  ;.~  ... ;,  .....  ~JP/.iin!.8¥.dliitt:tMM!It~~~::=::::ttt:Ht 
Source of Fundi: 
Profit on Ordinary Activitia before Tax 
ltem1 not Involvinc Cub Movement: Depreciation 
Total Fundi Generated from Operations before Tax 
Taxation Paid 
Total Sourcet of Fundi Net of Taxation 
Application of Fundi: 
Net Expenditure on Tancible Fixed Assets 
Dividends Paid 
lncreue in W  orkinc Capital 
Total Application of Funds 
Net Cub OutOow from Operations 
19SMJ 
84,948 
62,086 
22,863 
1,183 
7,963 
13,717 
6,656 
7,161 
7,161 
1,629 
6,632 
28,316 
0.253 
8.43" 
74,221 
6,632 
79,853 
179,894 
2,359 
17,243 
7,342 
8,085 
30,618 
(11,659) 
168,235 
82,393 
6,227 
762 
7G,863 
168,235 
13,717 
21,107 
34,824 
6,967 
27,857 
31,289 
2,207 
(1,587) 
31,909 
(4,052) 
ADaly1ya Ltd 
STEM Account. 
Venion 1.1 
\m:ru:rttttJtmtttH~!ikw.::P~iftJMtn~:in::]mr&: 
All ficuru real at 1990 
19Ge  lgg7  19QI  1ggg  2000 
114,117  118,923  123,490  128,162  133,277 
77,130  80,393  83,616  87,422  91,938 
36,987  38,530  39,8'13  40,730  41,340 
0  0  0  0  0 
5,885  5,713  6,626  5,259  4,964 
31,102  32,817  34,348  35,470  36,376 
13,016  13,592  14,120  14,480  14,763 
18,086  19,226  20,228  20,991  21,613 
18,086  19,226  20,228  20,991  21,613 
4,595  4,863  6,040  6,196  6,320 
13,492  14,371  16,188  16,795  16,293 
28,316  28,316  28,316  28,316  28,316 
0.639  0.679  0.714  0.741  0.763 
16.86"  16.17"  16.389(1  16.38"  16.22" 
128,776  142,268  156,639  171,827  187,622 
13,492  14,371  15,188  16,796  16,293 
142,268  166,639  171,827  187,622  203,915 
239,936  261,487  262,604  273,037  284,268 
2,359  2,359  2,359  2,359  2,359 
24,797  25,844  26,837  27,794  28,762 
17,803  22,072  27,620  33,190  39,153 
17,611  18,446  19,160  19,676  20,082 
36,633  38,296  39,850  40,100  42,184  ~ 
(9,285)  (6,466)  (2,295)  2,967  8,028  ~ 
230,650  246,021  260,209  276,004  292,297 
82,393  82,393  82,393  82,393  82,393 
5,227  5,227  6,227  6,227  5,227 
762  762  762  762  762 
142,268  156,639  171,827  187,622  203,916 
230,650  245,021  260,209  276,004  292,291 
31,102  32,817  34,348  36,470  36,37& 
21,916  27,146  28,511  30,091  31,967 
51,017  59,963  62,859  66,662  68,342 
12,035  13,016  13,592  14,120  14,480 
44,982  46,941  49,267  51,442  63,863 
36,580  38,698  39,528  40,625  43,198 
4,178  4,695  4,853  6,040  5,196 
4  (616)  (563)  108  (496) 
40,762  42,678  43,818  45,772  47,899 
4,220  4,269  5,448  6,670  6,964 MECU  Year  1WO  2006  2007  2008  2000  2010 
(1090 refers to financial year 1N9/90) 
.f:!d~iM.f.:;~ti.MlY!~M~~M~i~~t&W!l~&hHKtH.t~NH~l~MiJMM 
Turnover  84,948  177,488  189,280  203,338  219,354  238,944 
Operatinc Coata  82,086  132,856  143,010  164,423  187,094  181,070 
Operatinc Profit before lntereat  22,88S  4<&,832  <&8,270  <&8,913  62,280  66,874 
Exceptional Charce  1,183  0  0  0  0  0 
Net Intereat Paid  7,983  3,432  3,419  3,876  <&,194  4,958 
Profit on Ordinary Activitiea before Tax  13,717  41,200  42,850  45,238  48,087  50,916 
Tax on the Profit of Ordinary Activitita  6,551  16,441  17,103  18,038  19,143  20,274 
Profit on Ordinary Activities after Tax  7,161  2<&,'180  26,747  2'1,200  28,924  30,642 
Profit Attributable to Ordinary Shareholders  '1,161  2<&,'180  26,'1<&'1  27,200  28,924  30,642 
Ordinary Dividendi  1,529  6,966  6,179  6,526  6,9<&0  '1,330 
Retained Profit for the Financial Year  6,832  18,794  19,569  20,6'14  21,984  23,312 
Number of Ordinary Sharta  (milliona)  28,316  28,316  28,318  28,316  28,318  28,316 
Eaminp per Share (ECU)  0.253  0.8'14  0.909  0.961  1.021  1.082 
Profit Marcin (")  8 •  .&3"  13.95"  13.80"  13.38"  13.19"  12.93" 
Movement In Re.ervta: 
Reatated Reaervu at Becinninc of the Year  '14,221  290,038  308,830  328,309  3<&9,0'13  371,05'1 
Retained Profit for the Year  6,832  18,'194  19,569  20,674  21,984  23,312 
Reaervea at the Year end  'N,853  308,830  328,309  3<&9,0'13  3'11,05'1  394,369 
lJ.M...~ 
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Aaeta: 
Fixed Aaaeta  1N,894  385,951  388,423  416,261  450,109  489,116 
Current Aaaeta: 
Stock  2,359  2,359  2,359  2,359  2,359  2,119 
Debton  1'1,243  37,5'12  39,982  42,972  48,425  50,186 
Cub  7,3<&2  74,623  '1'1,290  '1&,384  69,084  69,521 
Crec:litors (tax and dividenda payable)  8,085  22,40'1  23,282  24,566  26,082  2'1,604 
Creditors (other)  30,618  80,886  6'1,992  '14,93'1  82,456  90,827 
Net Current Aaaeta  (11,669)  31,261  28,358  21,194  9,330  (6,386) 
Fixed Alaeta plua Net Current Aaaeta  168,236  39'1,212  416,'181  437,456  469,439  482,'161 
Liabilitita: 
Crec:liton (amounta fallinc due after more than one year  82,393  82,393  82,393  82,393  82,393  82,393 
Proviaiona for Liabilitiea and Charcu  6,22'1  5,22'1  5,22'1  5,22'1  5,22'1  6,22'1 
Minority lntereata  '162  762  '162  '162  '162  '162 
Capital and Reaervu  ft,853  308,830  328,399  3<&9,0'13  371,067  394,369 
Total  168,236  397,212  416,781  43'1,456  459,439  482,'1&1 
~~~:...~·:;_~~-......  :~  .. ::;~~::~&.1HMH1'dt'Bf&Mil 
Source of Fwadl:  . 
Profit on Ordinary Activititl before Tax  13,717  41,200  42,850  46,238  48,08'1  50,918 
Jtema not JnvolviDc Cub Movement: Depreciation  21,107  49,114  63,96'1  69,224  66,428  '12,601 
Total Fundi Generated from Operation• befon Tax  3<&,124  90,'114  96,818  104,463  113,495  123,619 
Taxation Paid  6,967  15,709  16,441  1'1,103  18,038  19,143 
Total Sourcta or Funda Net or Taxation  27,857  74,916  80,3'1'1  8'1,360  95,456  104,3'16 
Application of Fundi: 
Net Expenditure on Tancible Fixed Aueta  31,289  66,806  '18,439  87,062  09,27'1  111,610 
Dividendi Paid  2,207  6,'118  5,966  6,179  6,526  6,940 
lncreaae in Workinc Capital  (1,587)  (1,'182)  (4,695)  (3,955)  (4,087)  (4,610) 
Total Application of Fund•  31,909  '10,'142  '17,710  89,286  101,'136  113,940 
Net Cub Outftow from Operationa  (4,052)_  4,1'13  2,667  (1,926)  (6,280)  (9,664) Expanaioniat Cue 
MECU  Year  1~  1991 
(1990 refen to financial year 1989/GO) 
~.~~:~~~~~1,~M~~~1~1If1tHMiMfttMHtf~t?~~~~~~t~ttlMMt 
Turnover  G0,472  96,604 
Operating Coata  66,640  70,038 
Operating Profit before Intereat  23,832  25,667 
Exceptional Charge  1,183  0 
Net Intereat Paid  7,~  7,767 
Profit on Ordinary Activitiea before Tax  14,656  17,809 
Tax on the Profit of Ordinary Activitiea  6,686  7,473 
Profit on Ordinary Activitiea after Tax  7,970  10,337 
Profit Attributable to Ordinary Shareholden  7,970  10,337 
Ordinary Dividendi  1,840  2,446 
Retained Profit for the Financial Year  6,130  7,891 
Number of Ordinary Sharea  (million•)  30,157  30,157 
Earnings per Share (ECU)  0.264  0.343 
Profit Margin (")  8.81"  10.81" 
Movement in Raerves: 
Reatated Reaerves at Beginninc of the Year  74,221  80,351 
Retained Profit for the Year  6,130  7,891 
Reaerv• at the Year end  80,361  88,242 
l!:mR]~l..~*~IMHfiJ~~]MlWJ-.tM~$15.t1lml~Wllmw.l~: 
Aueta: 
Fixed Aueta  180,327  191,164 
Current Alaeta: 
Stock  2,369  2,369 
Deb  ton  17,243  18,652 
Cub  7,848  6,165 
Crediton (tax and dividend• payable)  8,626  9,919 
Crediton (other)  30,518  31,788 
Net Current A.ueta  (11,694)  (14,541) 
Fixed A.ueta plua Net Current A.ueta  168,733  176,624 
Liabilities: 
rediton (amount• falling due after more than one year)  82,393  82,393 
Proviaiona for Liabilitiea and Charges  6,227  5,227 
Minority Intereata  762  762 
Capital and Reaervu  80,351  88,242 
Total  168,733  176,624 
~~~:~~t~e.~ttl~lt\Sl.MNW.t.MM®mtt 
Source of Funda: 
Profit on Ordinary Activities before Tax  14,656  1'1,809 
It.ema not Involving Cub Movement: Depreciation  22,456  23,190 
Total Funda Generated from Operation• before Tax  37,112  41,000 
Taxation Paid  6,967  6,686 
Total Source• of Fund• Net of Taxation  30,145  34,313 
Application of Funda: 
Net.  Expenditure on Tangible Fixed Aueta  33,071  34,028 
Dividend• Paid  2,207  1,840 
Increue in Working Capital  (1,687)  139 
Total Application of Funda  33,691  36,007 
Net Cub Outflow from Operation•  (3,646)  (1,693) 
1992  1993 
101,252  107,641 
72,639  76,714 
28,613  31,827 
0  0 
7,600  7,2G<& 
21,014  24,533 
8,821  10,297 
12,193  14,236 
12,193  14,236 
3,018  3,598 
9,174  10,637 
30,157  30,157 
0.404  0.472 
12.0<t"  13.24" 
88,242  97,416 
9,174  10,637 
97,416  108,053 
201,461  212,248 
2,359  2,359 
19,983  21,373 
5,995  7,860 
11,839  13,895 
32,151  33,610 
(16,663)  (16,813) 
186,798  196,435 
82,393  82,393 
5,227  6,227 
762  762 
97,416  108,053 
186,798  196,436 
21,014  24,533 
24,028  25,036 
45,042  49,568 
7,4'13  8,821 
37,569  40,'147 
34,315  36,832 
2,446  3,018 
968  32 
37,729  38,882 
(160)  1,866 
Analyqa Ltd 
STEM Account• 
Venion 1.1 
1004  1996 
113,743  120,237 
79,265  83,027 
34,478  37,210 
0  0 
6,969  6,651 
27,508  30,659 
11,506  12,693 
16,003  17,867 
16,003  17,867 
4,099  4,630 
11,904  13,237 
30,157  30,157 
0.631  0.592 
14.0~  14.86" 
108,053  119,957 
11,904  13,237 
119,967  133,1G<& 
223,264  235,493 
2,359  2,359 
22,711  24,143 
10,794  14,049 
16,606  17,322 
36,176  37,146 
(14,915)  (13,9U1 
208,339  221,576 
82,393  82,393 
5,227  5,227 
( 
'162  '162 
119,967  133,194 
208,339  221,5'16 
27,508  30,669 
26,189  27,273 
53,69'1  57,832 
10,297  11,506 
43,400  46,327 
3'1,195  39,511 
3,598  4,090 
(328)  (539) 
40,466  43,072 
2,934  3,255 
i EC Total Expansionist Case 
EXHIBIT EC.X41:  Total Variation of  Service Revenues from Costs 
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EXHIBIT EC.X42:  Index of  Revenue per Call Minute 
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EXHIBIT EC.X43:  Network Costs and Revenues 
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EXHIBIT  EC.X44:  Network Cash Flow and Cash Balance 
BECU 
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~'  . -·  _  ____..·!  ladirect Colts 
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EXHIBIT EC.X.45:  Profit Margin: Comparison of  TO and Countty 
'II Profit Margin 
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EXHIBIT EC.X.46:  Analysis of  TO's Net Assets 
1990  2010 
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EC Total Expanslonist Case
EXHIBIT EC.X47: TO's Compamtive  Perfonnance h 1990 and 2010 QO as Vo of
Total Telecoms Operution)
rw%
n%
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t  fOt 95 3but ofTuraorrcr B fOt 96.but of lnrcrrcd  I  fOr f tb.c of Rrirlnd pro0Analy__sy_s 1095  2000  2005  2010 
All fipret real at 10QG 
umover  84,  10  •  11,  141,  1 
Operatinc Coata  62,081  80,383  OS,OCM  114,220 
Operatinc Profit before lntereat  22,863  26,602  22,095  26,812 
Net lntenat Paid  7,063  4,162  3,125  3,276 
Profit on Ordinary Activltie1 after lntenat and Tax  7,161  1S,S74  11,016  14,103 
Total Dividend•  1,520  S,S71  2,776  3,160 
Retained Profit for the Financial Year  6,632  10,003  0,140  11,024 
Fixed Aaetl  170,804  210,287  247,612  267,880 
ltema not Involvinc Cub Movement: Depnciation  21,107  23,074  28,230  S6,SS7 
Net Expenditure on Tancible Fixed Aaet1  S1,2n  31,726  32,030  30,787 
Net Cub Outflow from Operation•  4,062  4,674  4,300  6,884 
1091  2010 
umover  ,4  1  '  4  1 
Operatinc Colt•  66,640  79,270  151,827 
Operatlnc Proftt before lntereat  2S,8S2  34,480  36,871 
Net lnterett Paid  7,0N  I,HO  S,2N 
Profit on Ordinary Activitie1 after Interett and Tax  7,070  18,842  10,830 
Total Dividend•  1,840  4,321  4,822 
Retained Profit for the Financial Year  8,130  12,317  15,218 
Fixed Auetl  180,327  224,381  267,200 
ltema not lnvolvinc Cub Movement: Depreciation  22,458  28,170  S1,SSO 
Net Expenditure on Tancible Fixed Aaeta  SS,Ofl  SS,SOO  38,165 
Net Cub Outflow from Operation•  S,S48  4,642  6,010 
:~~~:::;:;:~:~~=~~~~:~:~:!~~:::::;:;~:;:;: 
1091  2000  2001  2010 
terelt  over  6.  1  .  1  .2  1  .  2  . 
Net ProfU Marcin  8.4"  14.1"  12.1"  10.S"  10.1" 
Return on Total Auetl  s.1"  1.8"  4.2"  S.2"  ,S.S" 
lnve~tment In relation to Tumover  s"'  Sl"  S1"  34"  45" 
1:;~.:;~~~~~~=;~:~:~:;:;:~:~:~;=~~~::  .. ::-.  :  .. · .-: ..  =k  ..... ·:  :···~~  ·:·  .. : .::· .. ··::.:~:::: .. ~~:·::·:··.:#.~tf.~:;:~~::: 
Year  tar  1M  2000  2001  2010 
I Connectaona \  .  ,• 
Bulc Telephony • R.elidential  101,381  120,811  133,421  141,433  144,8U 
Bulc Telephony • Bu1ineu  31,881  47,800  64,840  12,144  43,061 
ISDN· Buic Rate  17  848  2,073  0,008  22,211 
ISDN .. Primary  Rate  2  09  ISO  1,831  S,771 
Broadband - Switched  0  0  8S  S4S  1,200 
Mobilea  1,882  4,804  8,022  18,228  31,220 
Narrowband Leued Line•  l,UI  1,020  2,172  2,000  1,700 
Broadband Leued Lin11  21  80  lSI  208  S2S 
Oricina\lnc Traftic (Million. of Buq Hour Erlanp  ): 
Telephony  8.01  0.08  11.18  12.11  11.01 
ISDN  0.01  o.ss  S.ll  10.63  27.52 
Broadband • Switched  0  0  o.ss  2.12  8.24 
Mobile•  0.04  0.11  0.25  0.86  1.21 
Total  8.88  0.72  14.88  26.55  48.88 
••  • il a value of no lil'!iflcance EC Total Minimum Case 
EXHIBIT EC.Ml:  Total Network Traffic 
Annual Call Minutes (Billions) 
1~  ~------------------------------------------
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EXHIBIT EC.M2:  Customer Base 
No of Customers (Millions) 
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Market Segments: 
II  BusiDea • Larp 
0  Bualnea • Medium 
I!  Business • SmaU 
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0  Residential EC Total Minimum Case 
EXHIBIT ECM.3:  Network Busy Hour Traffic 
Busy Hour Erlangs (Millions) 
Bearer Services: 
M ~-----------------------------------
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EXHIBIT EC.M.4:  Network Lines 
Equivalent Voice Circuits (Millions) 
2005  2010 
Bearer Services: 
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•  BUIIDeu Telepbony EC Total Minimum Case 
EXHIBIT EC.MS:  Network Connections (1) 
Connections (Millions) 
1~ ~---------------------------------
Bearer Services: 
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1990  1995  2000  2005  2010 
EXHIBIT ECM6:  Network Connections (2) 
Connections (Thousands) 
4~  ~-------------------------....------
soo 
0~~~~~~~~~~~~~-r,-~ 
1990  1995  2000  2005  2010 
Bearer Services: 
--D--- Primary Rate ISDN 
--<>---- Nanowbaod l.ealed Uaa 
(acludJDa dem&Dd from 
mobiles operaton) EC Total Minimum Case 
EXHIBIT EC.M. 7:  Network Connections (3) 
Connections (Thousands) 
3~~-----------------------------
Bearer Service: 
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EXHIBIT ECM.B:  Network Connections (4) 
Connections (Thousands) 
~~~-------------------------------
Bearer Services: 
-
0+-~-r~~~-r~~~~~~~~~~ 
1990  1995  2000  2005  2010 EC Total Minimum Case 
EXHIBIT EC.M 9:  Network Busy Hour Traffic per Business Line for Public Switched 
Services 
Busy Hour Erlangs 
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Market Segments: 
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EXHIBIT EC.MJO:  Network Busy Hour Traffic per Line for Basic Telephony and lSD!\ 
Busy Hour Erlangs 
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Bearer Services: 
--D-- Busloea Telepboay 
---¢- ResideDtJal Telepboay 
--l:r-- Basic Rate ISDN 
-X-Primary Rate ISDN EC Total Minimum Case 
EXHIBIT ECM.ll:  Network Busy Hour Traffic per Line for Mobiles 
Busy Hour Erlangs 
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EXHIBIT ECM.12:  Network Busy Hour Traffic per Line for Broadband 
Busy Hour Erlangs 
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1990  1995  2000  2005  2010 EC Total Minimum Case 
EXHIBIT EC.M.J6:  Network Connections, Demand from Mobiles Operators 
Connections (Thousands) 
35  ~------------------------~~~-
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1990  1995  2000  2005  2010 EC Total Minimum Case 
EXHIBIT ECM.J7:  Local Access Connections 
Conneaions (Millions) 
~0 ~----------------------------------
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EXHIBIT EC.M.IB:  Local Switch Connections 
Connections (Millions) 
l~T------------------------------------
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-x-- Mobile swllch EC Total Minimum Case 
EXHIBIT EC.M.l9:  Junction Transmission Installed Capacity 
Er1angs of Traffic (Millions) 
60~--------------------------------------------------------
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EXHIBIT EC.M20:  Transit Switch Installed Capacity 
Er1angs of Traffic (Millions) 
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2010 EC Total Mlnlmum Case 
EXHIBIT EC.M.21:  Transit Transmission Installed Capacity 
Erlangs of Traffic (Millions) 
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o~~~~~~~~~~=o~~~~~~c-~~~o-~~~~-D 
1990  1995  2000  2005  2010 
EXHIBIT EC.M.22:  International Switch InstaUed Capacity 
Erlangs of Traffic (Thousands) 
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1-----o------ ~--Swllchl EC Total Minimum Case 
EXHIBIT EC.M.23:  International Transmission Installed Capacity 
Erlangs of Traffic {Thousands) 
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Transmission  Transmission 
EXHIBIT EC.M.24:  Network Capital Outlay 
BECU 
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Network Functions: 
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~CPE EC Total Minimum Case 
EXHIBIT EC.M.25:  CPE Expenditure 
BECU 
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EXHIBIT EC.M.26:  Local  Access Capital Outlay 
BECU 
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Access Mode: 
0  Local ACCIII • Mobile 
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·1 (6 EC Total Minimum Case 
EXHIBIT EC.M.27:  Local Switching Capital Outlay 
BECU 
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Switch Types: 
0  LocaJ Switcbina· Broadband 
FliJ  Local Switchins • Mobile 
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EXHIBIT ECM.28:  International Transmission Capital Outlay 
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EXHIBIT EC.M.29:  Revenue and Charge per Connection: Basic Telephony Business 
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EXHIBIT EC.M.30:  Revenue and Charge per Connection: Basic Telephony Residential 
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EXHIBIT EC.M.31:  Revenue and Charge per Connection: Mobiles 
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EXHIBIT EC.M.32:  Revenue and Charge per Connection: Leased Lines 
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EXHIBIT EC.M.33:  Revenue and Charge per Connection: ISDN 
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EXHIBIT EC.M.34:  Revenue and Charge per Connection: Broadband 
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EXHIBIT EC.M35:  CPE Revenue & Costs 
BECU 
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EXHIBIT EC.M36:  Telephony Revenue & Costs 
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EXHIBIT ECM.37:  Leased Lines Revenue & Costs 
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EXHIBIT ECM.38:  ISDN Revenue & Costs 
BECU 
5o~------------------------------------------------M 
45+-----------------------------------------------+-
40+---------------------------------------------+-~ 
35+-----------------------------------------~~~~ 
30+---------------------------------------~=-~~-­
~+-------------------------------------~--~----~ 
20  -----------------·-·---------t..-,.;---,~-~~--
15+---------------------------~~~~--~~--------
10~----------------------~~~~~~--------------
5+-------------~~~~~~~~--------------------
o~~~~Ei~!:~~~~~~~~~ 
1990  1995  2000  2005  2010 EC Total Minimum Case 
EXHIBIT EC.M39:  Mobiles Revenue & Costs 
BECU 
12~---------------------------------------------------
0~~~~~~~~~ 
1990  1995  2000  2005  2010 
1---o--.  ..  --o- OperatlDJ CwJe  ----tr- Capital Cbarp 
EXHIBIT EC.M.40:  Broadband Revenue & Costs 
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1---o--.  .. MECU  Year  1DSM)  10Gl 
(1*  nfen  ~o rmancial year 108Q/90) 
1~-~.;=~J~~t!!~j~~!jf~tH~lMMMMMlMi~~~flt~~l~~ttttt: 
Tum  over  84,048  89,10D 
Operatinc Coata  62,086  64,060 
Opera~inc Profit befon Jntereat  22,863  21,040 
Excep~ional Charce  1,183  0 
Net  Jn~ereat Paid  7,GGS  7,537 
Profi~ on Ordinary Activiti• befon Tax  13,117  17,502 
Tax on the Profit of Ordinary Activitiea  6,666  7,666 
Profit on Ordinary Activiti• alter Tax  7,161  0,847 
Profi~ Attributable to Ordinary Shareholden  7,181  0,847 
Ordinary Dividend•  1,620  2,344 
Retained Profi~ for the Financial Year  5,832  7,602 
Number of Ordinary Shares  (million•)  28,318  28,318 
Earninp per Share (ECU)  0.263  0.348 
Profi~ Marcin (")  8.43"  11.01" 
Movement in ReMrves: 
Retta~ed R.eaerv• a~ Becinninc of the Year  74,221  70,813 
Retained Profit for ~he Year  6,832  7,502 
Raervea at the Year end  70,8U  87,311 
~!1.-;~j;,J.!!Jjf'  .. ·  ..  :·  ··:····  . ·.·········· ·····  .  :.· ....  ~  -:~  .........  --..-...:  ..  ...  :·:;:~:~it~~$.~~ 
AMeu: 
Fixed Aaaeu  1'10,80.  111,611 
Current Aneta: 
S~ock  2,350  2,350 
Debton  17,243  18,&52 
Cub  7,342  8,801 
Cnditon (tax and divideDcla payable)  8,086  10,000 
Cnditon (other)  10,118  10,738 
Ne~  Curren~ A.ueta  (11,860)  (12,034) 
Fixed AINu plus Net Current Aaaeu  168,231  171,737 
Liabiliti•: 
Cnditon (  amount• fallinc due after mon ~han one year  82,303  82,303 
Provilion~ for  Liabili~i• and Charcea  5,227  5,227 
Minority Jntereatl  762  762 
Capital and Reeervee  70,853  87,315 
Total  168,231  175,737 
~-~~:~;~~-~---~~~J:.~yi..~-~~~·~·~··.····.·~ ... ··· .  .  ·.·  ·.  ·:  ··~u~~~~~M~~ 
Source of Fwada: 
Profi~ on Ordinary Activiti• ·won Tax  13,717  17,502 
ltema not Jnvolvinc Cub Movement: Depnciation  21,107  21,527 
Total Fundi Generated from Operationa Won Tax  34,124  30,030 
Taxation Paid  8,067  6,556 
Total Sourc• of Fundi Net of Taxation  27,857'  32,474 
Application of Fundi: 
Net Expenditure on Tancible Fixed Aaeeta  31,280  10,104 
Dividend• Paid  2,207  1,620 
Jncnue in Workinc Capital  (1,687)  1,001 
Total Application of Funds  31,DOD  32,924 
Ne~ Cub Outnow from  Operation~  (4,052)  (411) 
1DD2  lOU 
Q3,223  07,326 
61,661  67,414 
27,666  20,012 
0  0 
7,111  6,701 
20,371  23,204 
8,113  10,064 
11,405  13,140 
11,406  13,140 
2,130  3,284 
1,861  0,878 
28,316  28,318 
0.406  0.484  -
12.33"  l3.10" 
87,361  06,020 
8,861  0,178 
06,020  101,806 
106,811  204,311 
2,310  2,310 
10,678  20,733 
8,118  11,114 
11,712  13,320 
10,013  31,610 
(12,460)  (10,073) 
184,402  104,278 
82,303  82,303 
1,227  1,227 
762  762 
06,020  101,806 
184,402  104,278 
20,371  23,204 
22,0D4  22,713 
42,471  41,817 
7,616  8,8U 
34,816  37,035 
30,20.  30,103 
2,344  2,830 
050  417 
33,588  33,430 
1,221  3,606 
ADalyqJL&d 
STEM Accounu 
Venloa 1.1 
1994  1DDI 
--- -
100,62Q  103,183 
60,312  11,366 
31,318  32,211 
0  0 
6,166  1,631 
25,151  28,170 
10,812  11,211 
14,330  16,201 
14,330  16,201 
3,587  3,173 
10,752  11,418 
28,316  28,318 
0.606  0.640 
14.25"  14.76" 
105,806  118,848 
10,752  11,418 
116,848  121,068 
211,534  210,287 
2,350  2,310 
21,581  22,381 
16,208  20,782 
14,30G  11,181 
32,253  33,1'10 
(6,104)  (2,UI) 
206,030  216,448 
82,303  82,303 
5,227  1,227 
'162  782 
116,648  128,086 
205,030  216,448 
25,151  28,1'10 
23,302  23,074 
48,643  50,553 
10,064  10,812 
38,470  30,741 
30,576  31,726 
3,264  3,587 
146  (146) 
33,984  35,168 
4,-494  4,674 MECU  Year  1990  1996 
(1990 refen to financial year 1989/90) 
~~~t~.J~ttt~~~.::::,·,  ...  ::/titJt:tititmtr~tt\~t/~\{~;::::tt:~t@};: 
Turnover  84,948  105,821 
Operating Coati  62,085  73,122 
Operating Profit before Interest  22,863  32,700 
Exceptional Charge  1,183  0 
Net Interest Paid  7,963  5,271 
Profit on Ordinary Activitiea before Tax  13,717  27,-&29 
Tax on the Profit of Ordinary Activitiea  6,556  11,513 
Profit on Ordinary Activities after Tax  7,161  15,916 
Profit Attributable to Ordinary Shareholden  7,161  15,916 
Ordinary Dividend•  1,529  4,051 
Retained Profit for the Financial Year  5,632  11,865 
Number of Ordinary Shares  (millions)  28,316  28,316 
Earninp per Share (ECU)  0.253  0.562 
Profit Margin (")  8.43"  15.04" 
Movement in Re.ervea: 
Restated Reserves at Becinning of the Year  74,221  128,066 
Retained Profit for the Year  6,632  11,865 
Reaerva at the Year end  '19,853  139,931 
IY:NB~~~~-if~~~;~~~~~~~~~~~~~~~~~~~i~~~~~~~~~~~~~~@ft~i~$.~i~~~~~~~f:~;~~ii~~W£f:i~~;~~M~~~tJ~~l~M~I!I: 
Aaaeta: 
Fixed Aueta  1'19,894  226,117 
Current Aaaeta: 
Stock  2,359  2,359 
Debton  17,243  22,95-t 
Cub  7,342  25,937 
Crediton (tax and dividends payable)  8,085  15,564 
Crediton (other)  30,618  33,491 
Net Current Aueta  (11,659)  2,196 
Fixed Aaaeta plus Net Current Aueta  168,235  228,313 
Liabilitiea: 
Crediton (amount• falling due after more than one year  82,393  82,393 
Provisions for Liabilitiu and Charces  5,227  5,227 
Minority Interests  762  762 
Capital and Reaervu  '19,853  139,931 
~  Total  168,235  228,313 
l-9~i!f.!1:;~e9..t!f-=,~~JM~i~&~i~iM~i~MtMitHiM 
Source of Funda: 
Profit on Ordinary Activitia before Tax  13,717  27,429 
ltema not Involving Cub Movement: Depreciation  21,107  24,649 
Total Funda Generated from Operation• before Tax  34,824  62,078 
Taxation Paid  6,967  11,288 
Tol.al Sourcea of Fundi Net of Taxation  27,857  -&0,789 
Application of Funda: 
Net Expenditure on Tangible Fixed Aaaeta  31,289  31,479 
Dividend• Paid  2,207  3,873 
Increue in Working Capital  (1,587)  282 
Total Application of Funda  31,909  35,633 
Net Cub Outflow from Operations  (4,052)  6,156 
1997  1998 
106,860  107,172 
74,6-&0  76,381 
32,219  30,791 
0  0 
4,938  4,618 
27,281  26,17-t 
11,347  10,787 
15,934  15,387 
15,934  1&,387 
4,034  3,890 
11,899  11,496 
28,316  28,316 
0.563  0.543 
14.91"  14.36" 
139,931  151,830 
11,899  11,496 
161,830  163,327 
231,893  237,681 
2,359  2,359 
23,219  23,284 
32,306  37,816 
15,382  14,677 
34,183  34,754 
8,319  14,028 
240,212  251,709 
82,393  82,393 
5,227  5,227 
762  762 
151,830  163,327 
240,212  251,709 
27,281  26,174 
25,377  26,197 
52,657  52,371 
11,513  11,347 
41,146  41,024 
31,1S3  31,~86 
4,051  4,034 
(428)  (506) 
34,776  35,514 
6,369  5,610 
Analyaya Ltd 
STEM Account• 
Venion 1.1 
1999  2000 
107,154  107,076 
78,370  80,383 
28,784  26,692 
0  0 
4,357  4,162 
24,428  22,531 
9,987  9,156 
14,440  13,374 
14,440  13,37-t 
3,650  3,371 
10,790  10,003 
28,316  28,316 
0.510  0.472 
13.48"  12.49" 
163,327  174,117 
10,790  10,003 
174,117  184,120 
242,903  247,612 
2,359  2,359 
23,215  23,062 
42,566  46,875 
13,637  12,528 
34,907  34,879 
19,595  24,890 
262,499  272,502 
82,393  82,393 
5,227  5,2:2?' 
762  762 
174,117  184,120 
262,499  272,502 
24,428  22,531 
27,157  28,230 
61,684  50,761 
10,787  9,987 
40,fg7  40,773 
32,37~  32,939 
3,890  3,650 
(222)  (125) 
36,047  36,46-t 
4,750  4,309 
I MECU  Year  1WO  2001 
(1990 refen to financial year U~8G/GO) 
~~~  ..  ~i¥:tt~;-.J.[t~~ltti~ttt\ttfi~/::{@Jt~Mlltt~l1HMl~m~l: 
Turnover  84,N8  107,3G6 
Operatin& Cotte  82,086  82,817 
Operatin& Profit before lntereet  22,88S  24,778 
Exceptional Char&•  1,183  0 
Net lntereet Paid  7,G63  4,00G 
Profit on Ordinary ActivitiH before Tax  13,717  20,78G 
Tax on the Profit of Ordinary Activitie1  8,666  8,410 
Profit on Ordinary ActivitiH after Tax  7,161  12,360 
Profit Attributable to Ordinary Shareholden  7,181  12,360 
Ordinary Dividendi  1,62G  3,080 
Retained Profit for the Financial Year  &,632  G,279 
Number of Ordinary Sharea  (millione)  28.318  28,318 
Earnin&• per Share (ECU)  0.263  0.438 
Profit Marcin (")  1.43"  11.61" 
Movement in  ReMrve~: 
Reatated Reaerve1 at Be&innin& of the Year  74,221  184,120 
Retained Profit for the Year  6,632  G,27G 
Reservu at the Year end  '10,863  1G3,3H 
I!:~,-.11M!Ilmtm~mr:;r:t~ili~~~~1t~r:/t~~~~~::~:~;~~t:~:·;:t~~:~~t~~~@m~~t:~~~ 
Aue&l: 
Fixed Auete  1'10,104  262,678 
Current Auete: 
Stock  2,s&G  2,36G 
Debton  17,24.3  21,031 
Cub  7,34.2  61,14.4 
Crediton (tax and dividendi payable)  8,086  11,4GO 
Crediton (other)  30,&11  ss,83e 
Net Current Auetl  (11,86G)  2G,206 
Fixed Auet1 plu1 Net Current Auet1  188,2SS  281,781 
Liabllitiel: 
Crediton (  amounb fallin& due after more than one )'ear  82,3GS  82,3G3 
Provilione for Liabilitie1 and Cbarpe  6,227  6,227 
Minority lntereeta  762  782 
Capital and Reserve~  '10,8&3  1G3,3H 
Total  188,23&  281,781 
~J~k~;;.;  .  ...;:.:..  ....  ~~<K.~twW.013Wt~~~l~~-~Mmi3ff&t 
Source of Fuoda: 
Profit on Ordinary ActivitiH before Tax  13,717  20,76G 
Jtema not lnvolvin& Cub Movement: Depreciation  21,107  2sa,4&& 
Total Funda Generated rrom Operation• before Tax  34,824  50,224. 
Taxation Paid  6,G67  e,u8 
Total Source~ of' Fund• Net of Taxation  27,1&7  4.1,088 
Application of Fuoda: 
Net Expenditure on Tan1ible Fixed Aueb  S1,28G  U,41G 
Dividenda Paid  2,207  3,371 
lncreue in W  orkin& Capital  (1,&87)  {GG1) 
Total Application of Fundi  31,g()g  S8,7GG 
Net Cub OutOow from Operatione  (4,062)  4,268 
2002  200S 
108,4G6  110,158 
84,966  87,378 
23,52G  22,780 
0  0 
3,888  3,8G7 
1G,641  1G,08S 
7,G28  7,877 
11,713  11,408 
11,713  11,408 
2,880  2,764 
8,833  8,862 
28,318  28,316 
0.414  0.403 
10.80"  10.36" 
1G3,3GG  202,232 
8,833  8,662 
202,232  210,114 
2&7,431  260,702 
2,3&G  2,S&G 
21,187  U,4.H 
U,OG2  60,1G1 
10,808  10,4.11 
38,647  17,064 
33,183  11,684 
2G0,614  2H,286 
82,393  82.SGS 
6,227  6,227 
762  782 
202,232  210,814 
290,614  2H,268 
1G,64.1  1G,08S 
30,7&3  32,164 
50,3G4  &1,247 
8,410  7,G28 
41,G84  4.3,31G 
35,601  3&,4S& 
3,080  2,880 
(652)  (G6) 
38,038  11,220 
3,G48  &,OH 
Analyqa Lkl 
STEM Account~ 
Venlon 1.1 
2004  2001 
112,66G  1u,m 
G0,106  G3,004 
22,664  22,GG& 
0  0 
3,407  3,125 
1G,147  1G,870 
7,676  7,G64 
11,472  ll,G16 
11,472  ll,G18 
2,722  2,776 
8,7&0  G,140 
28,318  28,318 
0.406  0.421 
10.18"  10.2"' 
210,814  21G,6S4 
8,7&0  G,140 
21G,6S4  228,776 
283,4.30  287,880 
2,36G  2,3&G 
24,004  24.,708 
88,317  73,200 
10,SG7  10,730 
37,6G6  40,260 
44,&87  4.G,277 
308,018  117,167 
82,3G3  82,3G3 
&,227  &,227 
762  762 
21G,6S4  228,77& 
308,016  317,167 
1G,14.7  1G,870 
33,731  S&,SS7 
62,871  &&,207 
7,877  7,87& 
4.1,201  4.7,132 
S8,45G  3G,787 
2,764.  2,722 
(138)  (1,160) 
3G,07&  40,64G 
8,126  1,114 Minimum Cue 
MECU  Year  1990  2006 
(1990 refen to financial year 1989/90) 
lhofjt~!~t¥.~~h\~t\:t}ttHl~~ifl~lliti~Ufiitltttlttt:rtitHtt~tt 
Turnover  84,948  119,686 
- Operatinc Coata  62,085  96,207 
Operatin1 Profit before lnterut  22,863  23,.C78 
Exceptional Charce  1,183  0 
Net Intereat Paid  7,963  2,930 
Profit on Ordinary Aetivitiea before Tax  13,717  20,5.C8 
Tax on the Profit of Ordinary Aetivitiea  6,556  8,212 
Profit on Ordinary Aetivitiea after Tax  7,161  12,337 
Profit Attributable to Ordinary Shareholden  7,161  12,337 
Ordinary Dividendi  1,529  2,836 
Retained Profit for the Financial Year  5,632  9,500 
Number of Ordinary Sharea  (million•)  28,316  28,316 
Earninp per Share (ECU)  0.253  O  .  .C36 
Profit Marcin (")  8.43"  10.31" 
Movement in ReMrv•: 
Rutated Reaervu at Becinninl of the Year  74,221  228,775 
Retained Profit for the Year  6,632  9,500 
Ruervea at the Year end  79,853  238,275 
1!M!:#.i.tl~~tWMMWt:tttttMM~H-~M~~MMM~Mi!l~lMWJ 
ANeta: 
Fixed Aaaeta  179,894  273,883 
Current Aaaeta: 
Stock  2,359  2,359 
Deb  ton  17,243  25,528 
Cub  7,342  78,214 
Crediton (tax and dividendi payable)  8,085  11,048 
Crediton (other)  30,518  42,279 
Net Current Aaaeta  (11,659)  52,774 
Fixed Aaaeta plua Net Current Aaaeta  168,235  326,657 
Liabilitiea: 
Crediton (amounts fallinc due after more than one year  82,393  82,393 
Proviaiona for Liabilitiu and Charcu  5,227  5,227 
Minority lntereata  762  762 
Capital and Reaervu  79,853  238,275 
Total  168,236  326,657 
~-~~:~fM~--,;~e:~~,,9.!::f~ltitit@ii@j~MHl~l~it&ttMt 
Source of Funda: 
Profit on Ordinary Aetivitiea before Tax  13,717  20,548 
Itema not Involvin1 Cub Movement: Depreciation  21,107  37,126 
Total Funda Generated from Operation• before Tax  34,824  67,676 
Taxation Paid  8,967  7,964 
Total Source• or Funda Net or Taxation  27,867  49,721 
Application of Funda: 
Net Expenditure on Tanpble Fixed Aaaeta  31,289  .CS,130 
Dividend• Paid  2,207  2,776 
lncreue in Workin1 Capital  (1,687)  (1,199} 
Total Application of Funda  31,909  .C4,707 
Net Caah Outflow from Operationa  (4,052)  5,014 
2007  2008 
123,556  128,•UO 
99,757  103,871 
23,799  24,579 
0  0 
2,834  2,851 
20,~  21,728 
8,379  8,663 
12,586  13,066 
12,586  13,066 
2,868  2,957 
9,718  10,108 
28,316  28,316 
0.444  0.461 
10.19"  10.1"' 
238,275  247,993 
9,718  10,108 
247,993  258,101 
281,642  291,836 
2,359  2,359 
26,353  27,439 
81,888  83,760 
11,246  11,620 
44,620  47,291 
54,733  54,647 
336,375  346,483 
82,393  82,393 
5,227  5,227 
762  762 
247,993  258,101 
336,375  346,483 
20,~  21,728 
39,143  41,483 
60,108  63,211 
8,212  8,379 
51,896  64,832 
46,902  61,677 
2,836  2,868 
(1,516)  (1,684) 
48,222  62,960 
3,674  1,872 
AnalYIY• Ltd 
STEM Aecounta 
Venion 1.1 
20Qg  2010 
134,256  141,0·U 
108,659  114,229 
25,597  26,812 
0  0 
2,987  3,275 
22,610  23,537 
8,996  9,3.C.C 
13,615  14,193 
13,616  14,193 
3,060  3,169 
10,656  11,024 
28,316  28,316 
0.481  0.501 
10.14"  10.06" 
258,101  268,656 
10,555  11,024 
268,656  279,680 
304,611  320,912 
2,359  2,359 
28,717  30,190 
83,785  81,160 
12,056  12,513 
50,379  54,047 
52,427  47,149 
~ 
357,038  368,062 
82,393  82,393 
i 
5,227  5,221 
762  762 
268,656  279,680 
357,038  368,062 
22,610  23,537 
44,113  47,288 
66,783  70,826 
8,663  8,996 
58,120  61,829 
66,948  63,690 
2,957  3,060 
(1,810)  (2,196) 
68,096  64,464 
25  (2,625) Minimum Cue 
MECU  Y~ 
(1990 refers to financial year 1D89/00} 
l~t!!I~Jiti!~~A~~  -:}:::~:;:::~:ti~~j~~ilii~!~~~!~M~~ttMti..:~~~~t:  {?~~~~Mi~~~tl: 
Tum  over 
Operatin1 C01t1 
Operatin1 Profit before Interest 
Exceptional Char1e 
Net lntere1t Paid 
Profit on Ordinary Activitie• before Tax 
Tax on the Profit of Ordinary Activitiu 
Profit on Ordinary Activititl after Tax 
Profit Attributable to Ordinary Shareholden 
Ordinary Dividend• 
Retained Profit for the Financial Year 
19QO 
00,412 
68,640 
23,832 
1,183 
7,994 
14,666 
6,686 
7,970 
7,970 
1,840 
6,130 
Number of Ordinary Shant  (milliona)  30,117 
Eaminp per Share (ECU)  0.264 
Profit Marcin (")  8.81" 
Movement ID Ravvea: 
Ratated Reaervea at Becinnin1 of the Year  74,221 
Retained Profit for the Year  6,130 
Raervea at the Year end  80,311 
95,448 
69,250 
26,199 
0 
7,619 
18,580 
7,821 
10,759 
10,759 
2,604 
8,155 
30,157 
0.357 
11.2"' 
80,351 
8,166 
88,506 
100,356 
71,381 
28,975 
0 
7,307 
21,687 
9,126 
12,541 
12,541 
3,147 
9,394 
30,167 
0.416 
12.50" 
88,606 
9,394 
97,900 
105,300 
73,818 
31,572 
0 
6,867 
24,705 
10,406 
14,299 
14,299 
3,634 
10,664 
30,167 
0.414 
13.57" 
97,900 
10,164 
108,564 
Analyqa Lki 
STEM Accounu 
Venion 1.1 
109,655 
76,456 
33,199 
0 
6,393 
26,806 
11,242 
16,564 
15,564 
3,997 
11,568 
30,157 
0.116 
14.19" 
108,564 
11,168 
120,132 
113,747 
79,279 
34,469 
0 
5,949 
28,520 
11,878 
16,642 
16,642 
4,325 
12,317 
30,157 
0.152 
14.63" 
120,132 
12,317 
132,449 
Fixed Aueb  180,327  189,825  198,514  206,937  215,251  224,381 
Current Aueb: 
Liabllitia: 
Stock 
Debton 
Cuh 
Crediton (tax and dividendi payable) 
Creditors (other) 
Net Current Auetl 
Fixed Aueta plua Net Current Auetl 
rediton (amount• fallin1 due after more than one year) 
Provitiona for Liabilitiea and Charaea 
Minority lntereatl 
Capital and Renrv• 
Total 
Source of Fundi: 
Profit on Ordinary Activitit1 before Tax 
ltema not Involvinc Cub Movement: Depreciation 
Total Fundi Generated from Operationa before Tax 
Taxation Paid 
Total Source~ of Funda Net of Taxation 
Application of Funda: 
Net Expenditure on Tanpble Fixed Aueta 
Dividend• Paid 
lncreue in Workin1 Capital 
Total Application ol Fund• 
Net Cub Outflow from Operation• 
2,319 
17,243 
7,848 
8,526 
30,&18 
(11,694) 
168,733 
82,393 
1,227 
762 
80,351 
168,7'33 
14,656 
22,466 
37,112 
8,967 
30,145 
33,071 
2,207 
(1,687) 
33,691 
(3,648) 
2,359 
18,606 
7,451 
10,425 
30,929 
(12,937) 
176,888 
82,393 
5,227 
762 
88,506 
176,888 
18,580 
23,007 
41,687 
6,686 
34,901 
32,505 
1,840 
953 
35,298 
(397) 
2,319 
19,791 
9,063 
12,274 
31,232 
(12,292) 
188,282 
82,393 
6,227 
762 
97,900 
188,282 
21,687 
23,703 
46,370 
7,821 
37,660 
32,462 
2,604 
882 
35,937 
1,612 
2,369 
20,933 
12,983 
14,040 
32,226 
(9,991) 
196,948 
82,393 
1,227 
762 
108,564 
196,946 
24,701 
24,601 
49,206 
9,128 
40,080 
32,865 
3,147 
148 
36,160 
3,920 
2,369 
21,891 
17,519 
15,239 
33,272 
(8,737) 
208,614 
82,393 
6,227  r 
782 
120,132 
208,&14 
28,806 
26,404 
62,210 
10,406 
41,804 
33,718 
3,634 
(84) 
37,268 
4,636 
2,369 
22,849 
22,061 
16,203 
34,816 
(3,551) 
220,831 
82,393 
5,227 
762 
132,449 
220,831 
28,620 
26,179 
64,699 
11,242 
43,457 
36,309 
3,997 
(391) 
38,915 
4,642 
16R Minimum Cue 
MECU  Year  1990  1996 
(1990 refen to financial year 1989/90) 
!  ~.t~_,,~:iA~!.~\:~:::~{,:{:?~.)))j:\i~{~:~\t~/\:(:/:\':·,(:?:::{:t~~)t~~,~ 
Turnover  90,412  117,030 
Operating Co1t1  66,640  81,849 
Operating Profit before Intere1t  23,832  35,182 
Exceptional Charce  1,183  0 
Net Interest Paid  7,994  5,649 
Profit on Ordinary Activities before Tax  14,666  29,533 
Tax on the Profit o( Ordinary Activities  6,686  12,217 
Profit on Ordinary Activitiea after Tax  7,970  17,315 
Profit Attributable to Ordinary Shareholden  7,970  17,315 
Ordinary Dividenda  1,840  4,523 
Retained Profit Cor the Financial Year  6,130  12,792 
Number o£ Ordinary Sharea  (milliona)  30,157  30,157 
Eaminp per Share (ECU)  0.264  0.574 
Profit Margin (")  8.81"  14.80% 
Movement in Reaervea: 
Restated Reaervea at Becinning o£ the Year  74,221  132,449 
Retained Profit for the Year  6,130  12,792 
Relervea at the Year end  80,351  145,241 
1»~~-~~~~-;iili~~~~§~~;~-~~~~~~;~~~~~~~~;;~~~~~~~~~~~~~;~~hlj;~~*~~;~;~;~i~~;;~~~~;~~~-~,~~; 
Aaaetl: 
Fixed Aaaets  180,327  232,447 
Current .Aa~ets: 
Stock  2,359  2,359 
Debton  17,243  23,607 
Cash  7,848  26,877 
Creditors (tax and dividenda payable)  8,526  16,740 
Creditors (other)  30,518  34,927 
Net Current .Aaaets  (11,594)  1,176 
Fixed .Aaseta plus Net Current .Aaseta  168,733  233,623 
Liabilitiea: 
reditors (amounta falling due after more than one year)  82,393  82,393 
Proviaiona for Liabilities and Charcea  6,227  5,227 
Minority Jntereats  762  762 
Capital and Reaervea  80,351  145,241 
Total  168,733  233,623 
~~~~•~t~eY9!ttt~~4t~trm~mnttltMtlt:ttttt~ 
Source of Funcb: 
Profit on Ordinary Activitiea before Tax  14,656  29,533 
Itema not Involvinc Cash Movement: Depreciation  22,456  27,039 
Total Funda Generated from Operations before Tax  37,112  56,572 
Taxation Paid  6,967  11,878 
Total Sources of Funds Net of Taxation  30,145  44,694 
Application of Funcb: 
Net Expenditure on Tancible Fixed Auets  33,071  35,104 
Dividends Paid  2,207  4,325 
Increase in Working Capital  (1,687)  447 
Total Application o£ Funds  33,691  39,877 
Net Caah Outflow from Operationa  (3,546)  4,817 
1997  1998 
119,068  120,464 
84,197  86,881 
34,871  33,583 
0  0 
5,344  6,021 
29,627  28,662 
12,164  11,712 
17,363  16,850 
17,363  16,850 
4,507  4,360 
12,855  12,490 
30,157  30,157 
0.676  0.569 
14.68"  13.99% 
145,241  158,096 
12,865  12,490 
158,096  170,586 
239,104  245,790 
2,359  2,359 
24,031  24,286 
33,184  38,895 
16,671  16,072 
35,529  36,290 
7,376  13,178 
246,478  258,968 
82,393  82,393 
5,227  5,227 
762  762 
158,096  170,586 
246,478  258,968 
29,527  28,662 
21,940  28,059 
57,466  57,522 
12,217  12,164 
45,249  45,368 
34,507  35,646 
4,523  4,607 
{178)  (506) 
38,942  39,647 
6,307  5,710 
Analy1y1 Ltd 
STEM Account• 
Venion Ll 
1999  2000 
121,592  122,906 
89,848  93,058 
31,744  29,848 
0  0 
4,737  4,608 
27,007  26,340 
11,026  10,312 
15,981  16,029 
16,981  16,029 
4,126  3,858 
11,866  11,171 
30,157  30,157 
0.630  0.498 
13.14%  12.23" 
170,586  182,442 
11,856  11,171 
182,442  193,614 
251,684  257,200 
2,359  2,359 
24,432  24,546 
44,216  49,275 
15,161  14,169 
36,716  37,2P 
19,140  24,79t: 
270,824  281.9~ 
82,393  82~~9! 
5,227  5,2?""'' 
762  76! 
182,442  193,~12 
270,824  281,~~ 
27,007  25,!4~ 
30,090  31,33~ 
57,097  66,68C 
11,712  11,026 
45,385  45,65~ 
35,984  36,856 
4,360  4,125 
{281)  {386) 
40,064  40,594 
5,322  6,059 
-
I 
i IMinin:1um Cue 
MECU  Year  1M  2001 
11990 refen to financial year 1989/00) 
.rm.~;:!!4:i~~i4~~Ml~lt~Hi~~~~}~~;~~;iltttttt!~{)\??::".~:::t~~tj\Jltt~ 
Turnover  G0,472  124,810 
Operating Coata  86,640  06,544 
Operatinc Profit before Intenat  23,832  28,267 
Exceptional Charce  1,183  0 
Net Intereat Paid  7,*  4,318 
Profit on Ordinary Activitiea befon Tax  14,656  23,948 
Tax on the Profit of Ordinary Activitia  8,686  9,728 
Profit on OrdiDary Activitiea after Tax  7,970  14,223 
Profit Attributable to Ordinary Shareholden  7,970  14,223 
Ordinary Dividenda  1,840  3,610 
Retained Profit for the Financial Year  6,130  10,613 
Number of Ordinary Sharea  (milliona)  30,167  30,157 
Eaminp per Share (ECU)  0.264  0.472 
Profit Margin (96)  8.81"  11.40" 
Movement in R..ervea: 
Rutated Reaervu at Beginning or the Year  74,221  193,614 
Retained Profit for the Year  8,130  10,613 
Reaervea at the Year end  80,351  204,227 
·.···.····:: 
:  .....  ,:.:......;v:  .  •••••  :·:·.·::==·  ::~~a\~t:~~=-~ilt}t-~~~w•#liiliMtlttJt.w• 
A.et.: 
Fixed Aueta  180,327  263,249 
Current Aaaeta: 
Stock  2,369  2,359 
Debton  17,243  24,766 
Cub  7,848  54,078 
Crediton (tax and dividend• payable)  8,628  13,336 
Crediton (other)  30,618  38,498 
Net Curnnt Aueta  (11,594)  29,359 
Fixed Aueta plus Net Current Aueta  168,733  292,609 
Liabilities: 
rediton (amounta.fallinc due after more than one year)  82,393  82,393 
Provisions for Liabilitiea and Charrea  6,227  6,227 
Minority Interest•  762  762 
Capital and R.uerva  80,361  204,227 
Total  168,733  292,609 
i~ltf.IL.~.  ~-~.-:v.v~vN.-~  .....  :i!'~.$t%t~~~~~~~~~l~~~~~~~~:~~~@~~~~~~~~~iti~@i~:: 
Source of Funda: 
Profit on Ordinary Adivitiu before Tax  14,658  23,948 
ltema not lnvolvinc Cub Movement: Depreciation  22,466  32,786 
Total Fund• Generated from Operation• before Tax  37,112  66,715 
TaxaLion Paid  6,067  10,312 
Total Sourcu of Funda Net of Taxation  30,145  46,403 
Application of Funds: 
Net Expenditure on Tangible Fixed Alaeta  33,071  38,816 
Dividendi Paid  2,207  3,858 
Increue in  Working Capital  {1,687)  (1,073) 
Total Application of Funda  33,691  41,600 
Net Cub Outflow from Operations  (3,546)  4,803 
2002  2003 
127,G41  131,762 
100,423  104,542 
27,618  27,209 
0  0 
4,154  3,914 
23,363  23,295 
9,477  9,436 
13,887  13,859 
13,887  13,869 
3,479  3,417 
10,408  10,441 
30,157  30,157 
0.460  0.460 
10.85"  10.52" 
204,227  214,635 
10,408  10,441 
214,635  221,078 
269,671  274,499 
2,359  2,359 
26,230  25,868 
68,651  64,391 
12,955  12,854 
39,839  40,805 
33,446  38,959 
303,017  313,458 
82,393  82,393 
1,227  6,227 
762  762 
214,635  225,076 
303,017  313,458 
23,363  23,2g6 
34,300  36,006 
67,663  69,302 
9,726  9,477 
47,937  49,825 
40,622  40,934 
3,610  3,47g 
(867)  (328) 
43,365  44,085 
4,573  5,740 
Analy171 Lkt 
STEM Accouau 
VenloD 1.1 
2004  2001 
136,664  142,720 
10G,186  114,260 
27,478  28,460 
0  0 
3,569  3,230 
23,909  25,231 
9,676  10,210 
14,234  11,021 
14,234  16,021 
3,463  3,689 
10,781  11,432 
30,167  30,167 
0.472  0.498 
10.42"  10.62" 
225,076  236,857 
10,781  11,432 
235,817  247,289 
279,066  286,681 
2,359  2,359 
26,736  27,848 
71,279  78,842 
13,128  13,798 
42,071  45,260 
45,174  49,991 
324,239  335,671 
82,393  82,393 
5,227  5,227 
762  762 
236,867  247,289 
324,239  335,871 
23,909  25,231 
37,907  39,911 
61,816  66,141 
9,438  9,615 
52,379  65,486 
42,473  46,626 
3,417  3,463 
(399)  (2,076) 
45,492  47,G03 
6,888  7,664 Minimum Cue 
MECU  Year  1990 
(1990 refen to financial year 1~89/GO) 
~t~Ji•fA~f.ttiJttJ!~l~il~it~itl~ltl~~:~~~~~J\}:;::{::":\{;~f}/i~~~!~]t 
Turnover  G0,472 
Operatinc Coata  66,640 
Operatinc Profit before lntereat  23,832 
Exceptional Charce  1,183 
Net lntereat Paid  7,~ 
Profit on Ordinary Activitiea before Tax  14,666 
Tax on the Profit of Ordinary Activitiea  6,686 
Profit on Ordinary Activitiea after Tax  7,~70 
Profit Attributable to Ordinary Shareholden  7,~70 
Ordinary Dividendi  1,840 
Retained Profit for the Financial Year  6,130 
Number of Ordinary Shares  (millions)  30,167 
Eaminp per Share (ECU)  0.264 
Profit Marcin (")  8.81" 
Movement in Ruervea: 
Reatated Reaervea at Beginninc of the Year  74,221 
Retained Profit for the Year  6,130 
Reserve• at the Year end  80,351 
t»Y.'J~el*-~=!~Mf.~~~~~*m?m;~mttm~~~~i~~~li~~~~~~~t~~~~:~~~~~:~~~~~~~~:t~;ili~~~~~t:t~~~~~: 
Aaleta: 
Fixed Aueta  180,327 
Current Aneta: 
Stock  2,369 
Deb  ton  17,243 
Cub  7,848 
Crediton (tax and dividends payable)  8,526 
Crediton (other)  30,518 
Net Current Aaaeta  (11,694) 
Fixed Aaaeta plua Net Current Aaseta  168,733 
Liabilitiea: 
rediton (amount. fallinc due after more than one year)  82,31}3 
Proviliona for Liabilities and Charcea  5,227 
Minority Intereata  762 
Capital and Reaerva  80,361 
Total  168,733 
l~etP~t~-~m;J.W:~:!WW!~M~jf:tttjt:i~)?:::t(:;:::tit~t?Jitll 
Source of Fundi: 
Profit on Ordinary Activitiea before Tax  14,666 
ltema not lnvolvinc Cub Movement: Depreciation  22,456 
Total Funda Generated from Operations before Tax  37,112 
Taxation Paid  6,967 
Total Sourcea of Funda Net of Taxation  30,145 
Application of Fundi: 
Net Expenditure on Tangible Fixed Aaleta  33,011 
Dividend• Paid  2,207 
lncreue in Workinc Capital  (1,587) 
Total Application of Funda  33,61}1 
Net Cub Outflow from Operation•  (3,646) 
Analyq1 L~ 
STEM Accounu 
Venion 1.1 
Ift~tttttftiJ!till~~·~KQ~i!tM:litfmi@Hllll%i 
All firure• real at 1~GO 
2006  2007  2008  200G  2010 
14~,556  156,~48  165,820  176,162  188,305 
11~,886  126,174  133,447  141,827  161,627 
2~,66~  30,774  32,372  34,334  36,678 
0  0  0  0  0 
2,~80  2,82~  2,821  2,~73  3,2G6 
26,68~  27,~46  29,552  31,361  33,383 
10,7~7  11,32~  11,984  12,720  13,544 
15,8~1  16,616  17,568  18,641  1~,839 
15,8~1  16,616  17,568  18,641  1~,83~ 
3,759  3,G09  4,119  4,354  4,622 
12,133  12,708  13,450  14,286  15,216 
30,167  30,157  30,157  30,157  30,157 
0.627  0.561  0.583  0.618  0.668 
10.63"  10.69"  10.59"  10.68"  10.64" 
247,28~  269,422  272,129  286,679  2~,866 
12,133  12.'708  13,450  14,286  16,218 
259,422  272,129  285,5~  2~,885  315,082 
294,187  304,857  318,552  335,549  358,811 
2,35~  2,359  2,35~  2,359  2,359 
29,172  30,541  32,237  34,23~  36,579 
84,712  8~,218  ~1,912  ~2,465  g(),210 
14,556  15,238  16,102  17,076  18,166 
48,071  51,226  54,~97  59,291  64r321} 
53,617  55,654  55,409  62,6~8  46,652 
347,804  360,511  373,961  388,247  403,464 
: 
82,393  82,3~3  82,393  82,3~3  82,3~3 
5,227  5,227  5,227  6,227  6,22'! 
762  762  762  762  762 
251},422  272,129  285,679  2~,886  315,082 
347,804  360,511  373,961  388,247  403,464 
26,689  27,~46  29,562  31,361  33,383 
42,139  44,614  47,648  51,130  55,185 
68,828  72,611}  77,200  82,4~1  88,567 
10,210  10,7~7  11,32~  11,1}84  12,720 
58,618  61,822  65,871  70,508  75,847 
50,646  55,344  61,343  68,128  76,447 
3,581}  3,75~  3,g()~  4,119  4,354 
(1,486)  (1,787)  (2,076)  (2,292)  (2,898) 
62,748  67,316  63,177  61},954  78,102 
5,870  4,506  2,694  554  (2,256) 
1  }1 EC Total Minimum Case 
EXHIBIT EC.M.41:  Total Variation of  Service Revenues fro1n Costs 
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EXHIBIT EC.M.42:  Index of  Revenue per CaU Minute 
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EXHIBIT EC.M43:  Network Costs and Revenues 
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EXHIBIT EC.M44:  Network Cash Flow and Cash Balance 
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EXHIBIT  EC.M.47:  TO's Comparative Perfonnance in 1990 and 2010 (TO as %of 
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5/ Summary Quantitative Results for EFfA and 
Eastern Europe 
In  this  chapter aggregate  results for  EFTA1  and  Eastern Europe are discussed,  and 
compared and contrasted with  those for the EC.l  Note that the results relate to the 
period 1990 to 1995 only.  Section 5.1  explains why the aggregate EFrA and Eastern 
Europe results are important for the CBC (Section 5.1 ).  A number of key results are 
then presented and analysed: 
..,.  penetration (Section 5.2) 
..,.  projected investment (Section 5.3) 
..,.  revenue per connection and profitability (Section 5.4) 
..,.  financial requirements (Section 5.5). 
Finally, Section 5.6 draws some conclusions from this examination of aggregate results 
for EFrA and Eastern Europe. 
5.1  EXPANSION OF 11IE MEMBERSHIP OF 11IE EUROPEAN COMMUNDY 
Pressure is building up in non-EC European countries to apply for EC membership.  For 
example,  the  Austrian  government  has  already  applied  for  full  membership  of the 
Community, and the Swedish government has resolved to apply in the near future, with 
the aim  of profiting from  the Single  Market  and  gaining  monetary stability.  Other 
EFrA countries are likely to follow, and membership could have increased to 18 by the 
end of the century. 
There is also a growing demand for the aiteria for membership to be relaxed, or for an 
additional tier of membership to be created (which would permit the developing nations 
1  ~lcelud. 
2  Couatr)'-by-c:DUDtiJ quulllatM results  for EFJ'A ue pnlelded 1D  AD11G  C13-C17  of WI nport; tbole for EMierD  Europe ue 
preseated ID AD11G C18-C2L 
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5/ SUMMARY RESULTS FOR EfTA AND EASTERN EUROPE of Eastern Europe to join).  It is unlikely that a wider concept of the EC will emerge 
before 2000, given the risks associated with diverting attention from the essential tasks 
of managing the integration of existing EC members.  Nevertheless, it seems certain that 
the EC's links with EFTA and with Eastern Europe will grow, and that the convergence 
of the telecommunications networks of west, central and east Europe will continue. 
5.2  TOTAL PENETRATION 
In  1990  total penetration in  EFTA of public switched services (excluding mobile) was 
more than 55%, rather higher than that for the EC, as shown in Exhibit 5.1.  Penetration 
will  increase slightly  to reach  64%  by  1995,  still higher than the EC figure.  Mobile 
penetration will be considerably higher for EFTA than for the EC throughout the 1990-
95 period - more than 2% in 1990, and reaching almost 8% by 1995. 
In Eastern Europe penetration in 1990 (under 15%) was considerably lower than for the 
EC,  as shown  in Exlubit  5.1.  Whilst  the number of connections will increase quite 
rapidly over the next five years, penetration will still be less than 20% in 1995, well below 
the EC level.  Similarly, mobile penetration will increase throughout this period,Jmt.will 
still not have reached 1% by 1995.  Whilst there are considerable differences in penetra-
tion rates between individual East European countries, these differences are insignif-
icant compared with the overall difference from the EC. 
EXHIBIT  5.1:  Total Penetration for EC, EFTA and Eastern Europe 
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5.3  PROJECTED INVEs'IMENT 
The large difference in  penetration rates between EFfA and Eastern Europe is  the 
result of large historic differences in investment, which also continued through to 1990. 
However, projected capital outlay for the EFTA and East European countries is  also 
very different in the short term, as the Eastern European countries seek to upgrade and 
extend their networks. 
In  1990,  total capital outlay in EFfA3 was  slightly  more than ECU 4.5 billion.  It is 
expected that this will decrease slowly  in the short term, before increasing slightly in 
1995 to ECU 4.6 billion (as shown in Exhibit 5.2).  The state of development of networks 
in the EFI'A countries is, on average, slightly ahead of those in the EC.  The compos-
ition  of network  capital  outlay  is  therefore  expected  to  be similar  to that for  the 
advanced networks in the EC. 
Network capital outlay in Eastern Europe in  1990 was less than ECU 1 billion.  The 
need for massive investment (both to increase penetration and replace outdated equip-
ment), combined with the need to purchase Western technology at much higher cost, will 
result in network capital outlay increasing to more than ECU 2 billion in 1991 and more 
than ECU 4 billion by 1995 (see Exhibit 5.2). 
EXHIBIT  5.2:  Network Capital Outlay for EFIA and Eastem Europe 
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1990  1991  1992  1993  1994  1995 The current dilapidated condition of networks in Eastern Europe, together with the low 
penetration, mean that most network capital outlay will be devoted to modernising and 
extending the basic network.  As a result, the breakdown of capital outlay in Eastern 
Europe will be similar to that for the less advanced EC countries. 
5.4  REVENUE PER CONNECI10N AND PROFITABILnY 
While the increases in  investment in both the EFfA and East European countries will 
result in revenue growth  (particularly in Eastern Europe), the changes in revenue per 
connection will not be nearly so significant.  In  1990, revenue per connection in EFfA 
.  for  both  public switched  services  (ECU 600)  and  mobile  telephony  (ECU 1020)  was 
slightly higher than for the EC (see Exhibit 5.3).  This situation will continue for public 
switched services, but revenue per connection for mobile telephony will fall below the 
EC level by 1995 as the generally high level of  penetration brings tariff reductions. 
At between 30% and 35%, operating profit margins for the total of all services in EFTA 
as a whole will be largely comparable with, if  a little higher than, those for the EC (see 
Exhibit 5.4). 
In  Eastern  Europe  in  1990  revenue  per  connection  for  public  switched  services 
(ECU 190)  was  considerably  below  the  levels  in  the EC and  EFTA (Exhibit  5.3), 
although operating profit margins were relatively high at more than 65% {Exhibit 5.4). 
Whilst early tariff realignment will have an impact on the proportion of revenue coming 
from  different  sources,  it  will  have little impact  on the overall level of revenue per 
connection over this short period.  Hence, revenue per connection will remain almost 
constant throughout the period at just below ECU 200. 
Operating profit margins will  fall  quite considerably over the period but will  remain 
higher than those for the EC and EFTA, falling just below 40% by 1995. 
For mobile telephony the situation is different.  Mobile telephony is  only now being 
introduced into Eastern Europe and a premium tariff is to be charged.  The mobile tele-
phony revenue per connection will therefore be comparable with EC and EFTA levels 
throughout the 1990 to 1995 period. 
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$/ SUMMARY RESULTS FOR EFTA AND EASTERN EUROPE 5.5  FINANCIAL REQUIREMENTS 
As mentioned in Section 5.3  above,  the investment requirements for EFrA countries 
are fairly similar to those of the advanced EC countries, and hence the ratio of annual 
investment to turnover will  follow  a  similar pattern, decreasing slightly from  its  1990 
level of 31% to 26% by 1995 (Exhibit 5.5).  Cash outflow from operations will be positive 
throughout the period, at between ECU 1.5 billion and ECU 3.5 billion (Exhibit 5.6), so 
EFr  A will face no difficulties in financing this level of investment. 
In Eastern Europe, as previously discussed,  a  considerable increase in investment in 
1991 is expected, continuing throughout the period to 1995.  This is reflected in Exhibit 
5.6, where it can be seen that the 1990 ratio of annual investment to turnover of 20% will 
increase to 51% in 1991  and 64% by  1995.  This will have serious implications for the 
cash-flow situation in these countries.  As can be seen in Exhibit 5.6,  overall Eastern 
European cash flows will decrease significantly from an outflow of ECU 490 million in 
1990  to ECU 240 million in 1991.  They will become negative in 1992 (when the cash 
requirement will be ECU 620 million), and become increasingly negative during the rest 
of the period - the cash requirement will reach ECU 1.3 billion by 1995. 
EXHIBIT 5.5: 
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EXHIBIT 5.6:  Cash Flow for 1M EC, EFIA and Eastem Europe 
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5.6  CONCLUSIONS 
In many ways the EFTA and East European blocs are more homogenous than the EC in 
terms of their telecommunications development; the EC has large differences between 
countries in terms of intensity of usage, technology and financial well-being.  However, 
EFTA and Eastern Europe are radically  different  from  each other, and will  display 
different development paths. 
On average,  the EFTA countries  are slightly  ahead  of the EC in terms of demand 
(although the gap can be expected to narrow over the next five years).  Their financial 
results will also be healthier than the BC average in the period to 1995.  Lower levels of 
investment in EFTA countries compared to the EC will result in better cash flows; capi-
tal outlay will be only ECU 26.8 billion (less than 13% of the EC total}; and as a propor-
tion of turnover, capital outlay will be 28% (compared to 34% in the EC).  This will 
result in an average Self Financing Ratio of 165% for EFTA, compared to 101% in the 
EC.  Similarly, cash flow as a percentage of turnover will be 18% for EFTA over this 
period, whereas in the EC it will be less than 1%. 
By contrast, although the East European countries are undertaking network expansion 
and improvement, the development of their telecommunications will continue to lag well 
behind the EC.  Capital outlay will be ECU 15.7 billion over the period to 1995  - over 
SO%  of turnover (which will be just under ECU 30 billion) for the same period.  The 
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5/ SUMMARY RESULTS FOR EFI'AAND EASTERN EUROPE effect on cash flow will be very significant, with a cumulative negative cash flow of over. 
ECU 3  billion by the end of the period.  Whilst the Self Financing Ratio in 1990 was very 
high at 170%, it will drop markedly to 67% in 1995; the average Self Financing Ratio for 
the whole period will be 94%. 
Two tables of individual country results appear for EFTA and Eastern Europe appear in 
Exhibit 5.7. 
EXHIBIT 5. 7a:  Selected Data for EFTA Countries 
AustriD  Filrltlnd  NtlfWtiY  Sw«kn  SwitzerlDntl 
1990  1995  1990  1995  1990  1995  1990  1995  1990  1995 
PeoetratJoa, public IWilcbed Jel\lic:es4  42.K  55.6~  SU911  64.,.  50.1"  60.89(,  71.3"  7729(,  60.6911  69.3% 
Peoetratioa (mobilea)  O.K  62911  3.4911  829(,  429(,  8.89(,  .5.09(,  9.4911  1.19(,  6.3% 
Network capital outlly, MECU  472.0  .53S.l  665.9  703.9  622.5  128.9  1241.8  1145.0  1548.5  1395.1 
Rev./coDDeC'a, public IWitdted leiYices.  4 ECU  5.59.3  5482  4192  420.5  799.7  7892  416.0  483.3  769.8  772.8 
Rev./coDDeC'D (mobiles), ECU  545.6  3102  475.8  386.2  886.3  534.3  13092  572.7  13.51.0  577.0 
Operatiq profit marpa  45.59(,  5.5.7911  28.5911  33.69(,  24.49(,  25.89(,  19.89(,  17.1"  37.8%  3S.6% 
ADnual iavestm't a"  ofturaoYer  22.8"  182%  37.6911  30.49(,  26..59(,  29.1"  29.19(,  25.~  38.8%  29.3% 
Cash outflow from op1. MECU  1075.6  1228.9  324.9  <t63.4  348.4  337.4  1.6  390.4  ·35.9  8012 
4  ExcludiJll mobiles. 
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Appendix/ The Methodology 
The purpose of this appendix is to provide an overview of the procedures involved in the 
production of our country investment projections.  This appendix is a summary of Annex 
A, 'Technical Reference', which provides a more detailed description of our methodol-
Or:J.  We have established a framework- the General Reference Model- within which 
the impact of technological, regulatory, demand and economic factors may be assessed 
systematically.  In Section Xl we provide an overview of the General Reference Model, 
and the main modules of the system are desaibed in further detail in the remaining 
sections: 
..  the investment model is presented in Section X2 
..  the demand methodology is presented in Section X3 
..  the tariff methodology is presented in Section X4. 
Xl  OVERVIEW OF 'DIE GENERAL REFERENCE MODEL 
The purpose of the General Reference Model is to provide a consistent framework from 
which the telecommunications investment requirements of all countries in Europe may 
be evaluated on a country-by-country basis.  A copy of the General Reference Model has 
been made for each country modelled in  the study,1 and each copy contains country· 
specific input relating to demand, tariffs, finance, costs and technolor:J.  Each country-
specific model is known as a Country Reference Model. 
For the countries of EFfA and  Eastern Europe, the models represent the combined 
operation of the TO and competitors.  For each EC country, on the other hand, separate 
models have been produced for the national TO and its competitors, to enable a distinc-
tion  to  be made  between  the fmancial  health  of the incumbent TO  and  that of the 
country's telecoms operations as a whole. 
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In order to examine the effects of different growth scenarios, for each EC country and 
model we use an Expansionist and a Minimum  case based on different assumptions in 
the areas of demand, tariffs and regulation.  Four models are thus generated for each 
EC country,  and one model is generated for each of the other countries in the study. 
Exhibit Xl.l shows which models have been produced for each country in the study: 
EXHIBIT Xl.l:  Models Produced for Each Country in the Study 
Study Period > > >  20-year period  5-year period 
Scenario > > >  Expansionist  Minimum  Standard Short-
case  case  Tenn Projection 
Operators > > >  TO  Compet'n  TO  Compet'n  AU 
Belgium  v  v  v  v 
Denmark  v  v  v  v 
France  v  v  v  v 
Germany  v  v  v  v 
Greece  v  v  v  v 
Rep. of Ireland  v  v  v  v 
Italy  v  v  v  v 
Luxembourg  v  v  v  v 
Netherlands  v  v  v  v 
Portugal  v  v  v  v 
Spain  v  v  v  v 
UK  v  v  v  v 
Austria  v 
Finland  v 
Norway  v 
Sweden  v 
Switzerland  v 
Czechoslovakia  v 
Hungary  v 
Poland  v 
Bulgaria/Romania/Yugoslavia  v 
The logical structure of the G~neral Reference Model, including the main modules, is 
outlined in Exhibit X1.2: 
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Below, we provide a brief description of each aspect of  the General Reference Model: 
..,  Finance  - specifies the initial financial position for all the operators in the country 
(as well as the current and future tax and interest rates).  This includes information 
about the profit and loss accounts, tax and interest rates, movements in reserves, the 
balance sheet and source and applications of funds.  For some countries, the infor-
mation relating to telecommunications operations has been extracted from accounts 
for the P1T as a whole, where these also include postal operations  . 
..,  Demand projections  - a very complex part of the model structure, based on our 
demand methodology (demand in terms of connections and traffic per connection 
for each service).  For those countries where we model competition, the methodol-
ogy also provides the demand projections for each service and for each operator.2 
Furthermore,  for  those  countries  where  we  model  two  cases,  a  demand 
2  We poup the operat.on iDto two ~  ooe for tile iDcumbeat u&ioDal TO aod MIOC'iatecl operators. ud tile otber for competiaa 
operaton. 
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.APPENDIX/ THE ME7110DOLOGY projection is generated for each case.  The methodology underpinning the demand 
projections is described in greater detail in Section X3 below. 
~  Tariff projections  - based on our tariff methodology.  The tariff methodology uses 
feedback from the investment modeJ3 containing information about the cost of pro-
VICiing  services to customers, and generates annual installation tariffs, rental tariffs 
and usage charges for each service and for each year of the study period.  For those 
countries where we model both an Expansionist and a Minimum case, separate tariff 
projections are generated for each scenario.  The methodology underpinning the 
tariff projections is described in greater detail in Section X4 below. 
~  Costs  - including projections of capital, operational and maintenance costs for the 
main elements of the telecommunications network (such as analogue local exchange, 
ISDN digital exchange, cable international transmission and satellite international 
transmission).  The costs for the elements are projected over time, based on evolving 
technology cost trends and trends for associated costs such as labour unit costs.  The 
costs of offering services are also taken into account; these include administration 
costs (such as billing) and the costs of adding a new customer to the network. 
~  Technology  - including information on current and future requirements for the net-
work,  and  the capacities and lifetimes of equipment installed in it.  The type of 
equipment currently installed in the network is provided by 1990 data, whilst future 
equipment choices are determined by the technological and regulatory projections. 
The Investment  Model  (based  on  the Analysys  S'IEM modelling  system•)  performs 
calculations using input data from the modules described above, and generates orrcput 
relating to: 
~  the costs and quantities of equipment in the network 
~  the capital investment required 
~  cash flow, revenue and profitability 
~  the cost of providing services to customers {this is then fed back to the tariff calcula-
tions) 
~  financial information (summarised in the form of profit and loss account, balance 
sheet and source and application of funds). 
The investment model is described further in Section X2 below. 
3  A$ descn"bed in Section X2. 
4  The c:aJculatioo cycle used in the STEM modelliD& aystem is desm"bed in Alma  A. Appeadix 2. 
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X2  THEINVEsTMENTMODEL 
In this section we describe the investment model developed for this study, based on the 
Analysys STEM modelling system.  We begin in Section X2.1 by introducing a number of 
terms used in Analysys STEM,  and  outline the inputs and  outputs of the investment 
model.  This is followed in Section X2.2 by a description of the overall investment model 
structure, and in Section X2.3 by a discussion of how the choice of technology impinges 
on the investment model.  Finally, in Section X2.4 we summarise the calculation cycle of 
the modelling system. 
X2.1  STEM Terminology 
The four key conceptual elements in all STEM models are Demand, Classes, Specifics, 
and Components.  These key  concepts and  their connection  are illustrated in Exlubit 
X2.1. 
As this  diagram  shows,  the demand  which  drives  the  model5  is  met  by  a  network 
comprising a number of Classes of equipment.  These Classes are the  parts or functional 
blocks which make up the network architecture (e.g. local access links).  A Class may 
include several kinds  of equipment  (e.g.  narrowband  and  broadband links),  each of 
which is implemented by a Specific technology.  Finally, the parts of which Specifics are 
composed are modelled as Components (e.g. opto-electronics or signal-processing soft-
ware) for which price trends are set. 
EXHIBIT X2.1:  Key Conceptual Elements of  STEM Models 
5  T'hil il  descrtbed iD Cbapler A4 of Alma  A. 
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In this section we briefly  describe  the overall model structure in  general terms.  In 
essence,  the  telecoms  investment  requirements  of  an  operator  are  evaluated  by 
forecasting user population (in  terms of population, employees,  numbers of business 
establishments and households) and from this projecting Demand for Applications.  This 
demand is mapped, within the demand methodology (but outside the investment model 
itself), onto connection types ('bearer services' in the model terminology) and expressed 
there in the form of connections and traffic.  This bearer service demand is then input to 
the investment model and within this is again mapped (or 'loaded') onto network func-
tions such as Local Access, Local Switch and Junction Transmission via Supply Ratios' 
(which  specify  the amount of an  equipment Specific' required to satisfy one unit of 
demand). 
Whilst the loading of services on different parts of the network is of primary importance 
in the investment process, decisions on the particular technology employed also have a 
significant  impact;  for  instance,  whether  to  install  digital  or A TM local  switches. 
Country-specific input to this  process consists of Equipment Mappings  - technology 
input data describing the specific equipment (from within each Class of network func-
tion) to be used by each service when additional investment is required.  It should be 
emphasised that these Equipment Mappings only determine what type of equipment is 
to be used for new investment (whether satisfying new demand or replacing old equip-
ment); they do not force the replacement of  previously installed equipment directly. 
The Classes of network function, and the Specifics within those classes are organised in 
the Investment Model in a network architecture.  This is shown in Exhibit X2.2: 
This Exlubit identifies the range of Classes (network functions) in the model and exar, . 
pies of associated Specifics (particular items of equipment).  All Services make use of 
the transmission network (including the Junction, Transit and International networks), 
and they are all taken into account in the dimensioning of the transmission network; il"ll 
the case of Local Access and Switching, however, Services with distinct technical charac-
teristics - such as Basic Telephony, Mobiles and Broadband - each require their own 
facilities until ATM and optical-fibre systems become widely deployed. 
It would be possible to define the network architecture in much greater detail than we 
have done (by breaking down Local Access into cabinets and cables, for example), and 
even within the current Class structure it would be possible to have many more Specific 
6  ~  SedioD A7.l of  Chapter A7. 
7  ~  defined bl SedioD X2.1. 
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items of equipment. However, our aim is to model the investment in important struc-
turd elements of the networh and the significant technological changes that have an
APPENDIX/ TIIE METHQDOIT)ilimpact upon that investment, and therefore the list of Classes and Specifics has been 
kept to a minimum. 
A number of country-specific input data items are required for each Specific: 
....  cost inputs, consisting of capital costs for each year of the model run, together with a 
financial lifetime and initial running costs 
..,.  an overall running cost trend 
..,.  the capacity and physical lifetime of each Specific, which come from the technology 
input and do not change between countries. 
For each year of the model run the investment model tracks a number of financial quan-
tities,  including turnover,  operating costs,  net interest paid, tax and dividends  owing, 
depreciation, capital outlay and. cash balance.  These measures, together with details of 
the initial  fmancial  position  of the TO  and  competitors,  are  used  to  produce  the 
summary accounts for the TO and country as  a whole.  The initial values for  cash 
balance, tax and dividends owing, together with the interest, tax and dividend rates for 
the remaining years of the model run, are country-specific financial inputs. 
X2.3  Choice of  Technology 
Supply ratios represent the loading of demand for  a particular service onto different 
Classes  of equipment.  In  order to determine the Supply  Ratios for  a  service,  two 
questions must be asked about each equipment Specific used by that service: 
..,.  How should the equipment be dimensioned?  The alternatives are to dimension L 
according to the connections to the service, or to dimension it according to the tra.~  · 
fie originating from the service  . 
..,.  What is the quantity of equipment required to support one unit of that senrfice 
demand? 
The answers to these questions are determined by the way in which a particular service 
impinges on (or 'loads') a function of the network.  This, in tum, depends on several 
factors, including: 
..,.  whether the service is loading the network function according to the level of service 
utilisation (traffic per connection) or the number of service connections 
..,.  how the traffic originated by  a particular customer is routed through the network 
(where  the  service  loads  the  network  function  according  to  the  traffic  per 
connection). 
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To illustrate the effect of the first fader, it is clear that the loading effect of a dedicated 
leased line on the jundion transmission network will be full occupancy of a single chan-
nel,  whereas  the loading  effect  associated  with  traffic  from  a  switched  service  will 
depend on the combined effect of the level of originating traffic per connection and the 
proportion of calls that are routed across the junction network. 
In  the investment  model,  the mapping of service  demand  onto items of equipment 
allows the loading effect to be defined in terms of either total traffic or the number of 
connections.  Thus, a particular class of network function will be dimensioned according 
to the combined effect of, say, basic telephony demand and leased lines (as illustrated in 
ExJubit X2.3 below). 
EXHIBIT  X2.3:  STEM Model Maps Demand for Connections and Traffic onto 
Dedicated and Shared Equipment 
Services 
•  Business telephony 
•  Residential telephony 
•  N'band Leased Lines 
•  Broadband Leased Lines 
•  Basic rate ISDN 
•  Payphones 
• 
Equipment installed through 
o  age-expired plant 
o  modernisation 
o  newdemand 
{}  Equipment 
Dedicated Equipment, e.g. 
•  Local Access 
•  CPB 
Shared Equipment, e.g. 
•  Junction Transmission 
•  Transit Switch 
•  Transit Transmission 
Exlubit  X2.4  gives  a  simple illustration of how  the calling behaviour of a  particular 
service determines the routeing of traffic through the network, and hence how it results 
in the loading of the network.  On the assumption that the calling pattern of the network 
is symmetrical - that is for every originated Erlang of traffic there is a received Erlang 
- we see that the loading of a network function such as the junction network is depen-
dent on the calling pattern of subscnbers and the absolute volume of traffic that they 
originate. 
Within the investment model, traffic per connection is defmed for the busy hour.  The 
number of required circuits is, in the fli'St instance, determined by calculating the prod-
_  Analy_sy~-----------~~~~~~~ 
APPENDIX/ 71IE METHODOLOGY uct of  t~affic per connection and the unit of loading depicted in Exhibit X2.4.  A similar 
effect to traffic patterning is  observed with  leased lines,  except  that in this case the 
loading effect on the network arises from the proportion of leased lines which are r-outed 
across the junction network, for instance. 
EXHIBIT X2.4: 
Transit 
Switching. 
Local 
Switching 
, 
20%  '"·····,  .,'  .. • I, 
10%  .. ··,,, // 
20%  ~0% 
Example of  Telephony Traffic Routeings 
Transit Transmission 
SO% 
For each Erlang for originated traffic: 
Transit 
Switching 
I.Dcal 
Switching 
'  ··  ..... ,  20% 
;  ,10% 
20% 
l.SE loading on Local Switching, O.SE on Junction Transmission, O.SE on Transit 
Switching, and 0.2E on Transit Transmission 
The investment model allows different traffic loading patterns for each defmed service. 
For  example,  it  can  accommodate  differences  between  business  and  residential 
telephony subscribers in terms of the proportion of their calls which are international. 
Having defined how the service loads a particular function of the network, the Supply 
Ratio can be calculated.  This specifies the amount of the Specific required to satisfy one 
unit  of demand  (either  a  connection  or an  originating  Erlang  of traffic)  from  that 
service.  It reflects either the requirement for  one unit  of capacity  (for each item of 
connections-dimensioned equipment), or the routeing of traffic through the network (for 
traffic-dimensioned equipment). 
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Whilst the treatment of traffic loading described above is quite complex, it does not cap-
ture those  dimensioning  rules  which  aim  to  realise  a  given  grade-of-service  in  the 
network; this aspect of investment dimensioning is handled by the.investment model as 
an additional form of network capacity supply. 
X2.4  Calculation Cycle 
S1EM models represent the dynamic changes to a telecommunications system using an 
annual cycle which is repeated for each year until a specified time horizon.  The follow-
ing diagram summarises the basic cycle: 
EXHIBIT X2.5:  Basic Calatlation Cycle (Simplified) 
• 
. ·  .  . 
This diagram shows how demand for Services is first mapped onto demand for equip-
ment, which  is met by installation of the additional Specifics required (if any), taking 
into account the existing network and depreciation of existing plant.  Newly  installed 
equipment is costed, and the various costs are allocated back to Services.  These costs 
may influence tariffs in the following year.  The service revenues together with the costs 
are aggregated to determine Network financial results, from which interest, tax and divi-
dend payments are calculated.  The key phases of  the cycle are described below. 
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Incremental 
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Demand 
Implementation as 
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Equipment 
SeTVice Costs 
SeTVice Tariffs 
Tariff Feedback 
Demand for services, in terms of both connections and traffic, is 
determined by  the demand  inputs  (from  the demand  method-
ology). 
The incremental demand for equipment in_ any year is the total 
demand in  that year less the equipment already installed in the 
network.  This calculation takes into account the physical depreci-
ation of equipment and its eventual replacement, controlled by 
the physical lifetimes of the equipment.  Additional incremental 
equipment demand is required in order to maintain spare capac-
ity,  as specified by the pre-investment policy in terms of design 
periods and buffers. 
The choice of particular Specific equipment to fulfil incremental 
equipment demand is determined by the Equipment Mappings, 
which are part of the technology input. 
Demand for equipment is satisfied by the installation of Specifics, 
at which point the costs of the new equipment are calculated (as 
are the various running costs of the network).  All the costs can 
change from year to year during the model run, as determined by 
the cost inputs. 
Once demand for equipment has been met by its installation as 
Specifics, the costs of  particular Services can be calculated, taking 
into  account  their  use  of equipment and  the Service  costs  of 
administration and provision. 
STEM also calculates tariffs for each Service.  Initially these are 
entirely cost-independent, but during the model run a transition is 
made towards tariffs based on the Service costs.  These effects 
are determined by the tariff inputs (from the tariff methodology). 
Service  tariffs  can  alter  demand  for  the  service  by  means  of 
demand elasticities.  This process brings us back full circle to the 
Service Demand at the beginning of the calculation cycle.  In the 
General Reference Mode~  demand elasticities are not within the 
STEM mode~ and so the demand elasticities within the calcula-
tion  cycle  are specified  to ensure that demand for the service 
does not alter. 
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Network Results  These costs and tariffs are used as the basis for calculating cash 
flow,  revenue  surplus,  and  various  other measures  of fmancial 
performance.  Interest, tax and dividend payments are calculated 
from these based upon the rates specified in the financial iripuf. 
X3  DEMAND ME'IHODOLOGY 
In this section we describe the demand methodology developed for this study.  We first. 
defme  some  key  terms  used  in  the  demand  methodology  (Section  X3.1 ),  and  then 
describe the demand methodology itself (Section X3.2). 
The demand methodology summarised below has been used for all countries included in 
this study.  As discussed earlier, for each of the 12 EC Membe~States  we have studied 
two cases  - Expansionist and Minimum.  In order to capture the differences between 
the two cases, we have applied the demand methodology separately for each, using case-
specific input data.  In some areas of the methodology, however, we have used country-
specific input data for both Expansionist and Minimum cases.  In the detailed descrip-
tion given below, we indicate whether the input data are case- or country-specific. 
X3.1  Dermition of Key Terms in Demand Methodology 
In this section we define the important terms used in  the demand methodology.  We 
have classified subscribers according to the type of establishment they correspond to: 
~  Multi-line establishments  - organisations with more than one connection to a public 
switched  network,  including  large  organisations,  medium  ... sized  organisations  and 
small organisations (except those with only one connection). 
~  Single-line  establishments  - organisations  with  only  one  connection  to  a  public 
switched network. 
~  Residential  - residential  users.  The  number  of residential  establishments  in  a 
country is simply the number of homes in that country. 
Furthermore,  in  the  demand  methodology  we  distinguish  between  applications  and 
bearer services: 
~  An application indicates the type of communication 
~  A bearer service indicates the type of access used for the communication. 
We have used the following applications in the demand methodology: 
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~  videotelephony 
~  mobile telephony 
~  telex 
~  videotex 
~  facsimile transmission 
~  high-speed facsimile transmission 
~  low-speed data ~ransmission 
~  high-speed data transmission 
~  video conference 
~  video broadcast. 
With the exception of the Mobile Telephony application, all applications are assumed to 
be based on fJXed-link setvices, that is where all parties to a communication use a fixed 
link setvice.  For Mobile Telephony, it is explicitly assumed that at least one party is not 
able to use a  fixed  link.  Note that this does not preclude the use of cellular access 
technology by users of  the other applications. 
We have used the following bearer services in the demand methodology: 
~  public payphone 
~  business basic telephony 
~  residential basic telephony 
~  Basic-Rate ISDN 
~  Primary-Rate ISDN 
~  Broadband 
~  mobile telephony (access based on cellular radio technology) 
~  narrowband leased lines 
~  broadband leased lines 
~  telex 
~  packet switch data 
~  value-added services.• 
To illustrate· the distinction between applications  and bearer services  we  use the voice 
telephony application as an example.  The voice telephony application can be carried on 
a range of bearers, including (for instance) the basic telephony bearer service and the 
mobile telephony bearer service.  Currently, nearly all voice telephony is carried on the 
8  Value-added .ervka ahould iop:aUy be lpCdfaed 11 ID applicalioa, as they caa be carried oa a variety of bearer lei'Yices.  We  have, 
however, c:bolea to define value..sded aervk:ea as a bearer aervice iD order to c:aptW"e their apedal cbar'aderiltics; value«<ded aeJVices 
generate aipificaatly biper  UAp  revenue~, •  weD •  imposiD& a peat.er load oa the toU IDCl tnmk traDimiuioa Detwort.  By definins 
value-added .ervk:a •  a bearer leMce, we caa alloc:a&e a proporlioa or the applic:atio• traaic to tbe value-edclecllei'Vic::e, tlaua captur-
in& the impact both oa tbe rweeue 1tn:am aDd oa the Detwork dimellaionina.  The allocatioa or appUcatioaa tramc to bearer .ervk:a Ia 
apedfJed as a time seriea; we tbereCore capture aituaUoaa wbere a powiD& proportion of  calla Ia direc:lecl towarda valu.acldecl.ervica • 
the atudy period propaaea. 
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basic telephony bearer service, but this situation may change in future, when advanced 
technologies make the mobile telephony service (radio accesses) cost-effective for this 
application.  On the other hand, the mobile telephony application is already generating 
demand for the mobile bearer service, and we expect this application to continue to grow 
in popularity.  However, substantial demand for the mobile bearer service (compared to 
basic telephony) will only arise once a large proportion of voice telephony is carried on 
the mobile bearer service. 
X3.2  Description of Demand Methodology 
As can be seen in Exhibit X3.1, which illustrates the overall demand methodology, we 
have dMded the process of quantifying satisfied demand into two stages: 
~  Stage 1 - the demand side 
~  Stage 2 - the supply side. 
This split enables us to handle complicated situations where although demand exceeds 
supply in the short term (due to inadequate infrastructure), supply then exceeds demand 
in the medium to long term. 
EXHIBIT X3.1: 
Overall Demand 
Methodology 
.. --············-··········-·····-..  ,.  .. 
,..-·  Qualitative Assumptions  ·\ 
:  ~  .  ~ 
Demand 
Side 
(Stage 1) 
Supply 
Side 
(Stage2) 
. 
.  '  .  .  '  .  '  .  '  .  .  .  •. ·-.  .. . 
.. .  ··-.. --... --.......  -· ·--·· ..... -· 
Satisfied 
Demand for 
the Competition 
Satisfied 
Demand for 
the TO 
The outcome of Stage 1, the demand side, is total telecommunications demand in terms 
of connections and traffic per bearer service.  The outcome of Stage 2, the supply side, is 
the satisfied  demand  in  terms  of connections  and  traffic  per connection.  Satisfied· 
demand is specified for two investment models: the fll'St captures financial flows for the 
incumbent national TO (referred  to here as 'the TO'), and the second captures the 
financial flows  for the other operators (here referred to as 'the competition').  Both 
stages of the demand methodology require quantitative input data, and these data are 
specified in  highly structured types of input (each of which is  described below).  The 
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regulation and demand, as outlined in Annex B. 
In Subsections X3.2.1 and X3.2.2 below we look in more detail at the demand and supply 
sides of our demand methodology. 
X3.2.1  Demand Side 
The demand side is the frrst stage in the process of quantifying demand.  The structure 
of the demand side of the demand methodology is illustrated in Exhibit X3.2. 
EXHIBIT  X3.2:  Demand Methodology: Detail of  Demand Side 
Allocation of traffic 
onto bearer services 
Demographic 
data 
I 
::  r··,fr~·-~··l 
:  .;~~:  .....................  :  ~ i ~ : 
Network usage 
characteristics 
, 
l  ~ l J  w  1  1  tJ  ;;..._:  ----;~~r::·;·l··~··········:, 
~~  ~=  :(!t  :  ~!!':Jl 
Total network traffic  ]  ~  ta  ;  ~ ....................  :  ;:=:.  ~ 1  ~-i  i:.=: 
(in annual call mins)  .g 1  k,  :  J  ~  ~ ~ ~ 
..  ~  ..  ~  ..........  :  :  1  ~ a  l ~  1 
:  ~~~~~~~,  Establishment 
usage pattern 
I  ...  :  \J  ~  : 
I  :  : 
I 
:  : 
:  ..............................  ; 
Broken down in  : Broken down in 
terms of application  1 terms of bearer service 
The processes involved in the demand side are summarised below. 
INPUT: 
Demographic Data 
The demographic data input includes information on the number 
of households  over  time,  the average  size  of a  household,  the 
number  of  (business)  establishments  of  each  type,  and  the 
average number of employees for each establishment type.  These 
input data are country-specific. 
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JNPln': Total 
· Network Traffic (in 
annual call 
minutes) 
CALCULATION: 
Call Mmutes per 
Employee and  per 
Establishment for 
each Application 
INPUT: Allocation 
of  Traffic onto 
Bearer Services 
CALCULATION: 
CaU Mmutes per 
Employee and  per 
Establishment 
The input for total network traffic includes data on demand (in 
annual call minutes) for each application.  These input data allow 
different assumptions to be made about the growth rate for each 
application. 
The demand methodology is based on the overall traffic loading 
(annual call minutes) rather than the busy-hour loading.  The us~. 
of overall traffic loading makes it possible to capture the effect of 
changes  in  network  usage  characteristics;  such  changes  cause 
busy-hour traffic to change relative to the overall traffic loading. 
The busy-hour traffic load is,  however, calculated (as described 
on page 202 below), to enable the investment model to dimension 
the telecoms network in a realistic manner.  These input data are 
country- and scenario-specific. 
Data from the two areas of input set out above are used for the 
calculation of traffic (in annual call minutes) per employee and 
per establishment  At this stage these calculations are made on a 
per-application basis. 
This input specifies how the traffic in annual call minutes for a 
particular country (as specified for each application in the above 
calculation) is allocated year by year to bearer services.  It also 
shows how  this allocation varies over time and hence indicates 
the  transition  from  one  access  mechanism  to  another.  The 
allocation  of traffic to bearer services  differs according to the 
type of establishment and application. 
This calculation is used  to allocate traffic  (per application)  to 
bearer services in each year of the study period in one of two 
ways: 
..,.  on a per-employee basis for multi-line establishments 
..,.  on a per-establishment basis for single-line businesses and the 
residential market. 
The  end  result  is  the  specification  of traffic  (in  annual  call 
minutes) per bearer service and per establishment.  Input to this 
process  is  the calculated  traffic  per employee  and  traffic  per 
establishment for  each application, as well as how the input on 
traffic per application is  to be allocated to bearer services over 
time.  Due to the complexity of the process, STEM has been used 
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X3.2.2  Supply Side 
as the tool here.  The general calculation process used by STEM 
is described in Section A2.4 of Annex A. 
Input relating to the establishment usage pattern includes inform-
ation  on  the percentage of establishments connected,  for  each 
bearer service.  It also includes data on  the traffic generated by 
residential subscribers as a percentage of the total traffic gener-
ated;  this  is  specified  for  each  application.  For  single-line 
businesses, we specify the traffic per employee as a percentage of 
the traffic per employee for a multi-line business.  These input 
data are country-specific. 
The network usage characteristics input sets out the characteris-
tics of the network loading, in the form of specification of grade-
of-service,  bearer service  utilisation,  the ratio  of busy-hour  to 
mean traffic, and the ratio of peak to mean traffic.  These input 
data are country-specific. 
The  third  stage  of calculation  gives  the  required  number  of 
network connections for each bearer service, and the busy-hour 
traffic per connection.  Information used in the calculation is data 
for traffic for each bearer service and assumptions for network 
usage characteristics.  This calculation takes into account: 
..,.  assumptions regarding establishment usage pattern (that is, 
the  number  of  establishments  connected  to  the  bearer 
service) 
..,.  the need to dimension access to the network in such a way 
that  the  assumed  grade-of-service  is  maintained  in  accor-
dance with Erlang's formula for the required traffic load. 
This calculation converts total traffic loading to busy-hour traffic 
loading, to enable the network to be dimensioned correctly. 
The second stage of the demand methodology involves  the quantification of satisfied 
demand for the current TO and for other operators outside the national TO's control 
(referred  to  as  'the competition').  The structure of the supply  side of the demand 
methodology is illustrated in Exhibit X3.3. 
The processes involved in the supply side are summarised below. 
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INPUT: Supply 
Constraints for 
Basic Telephony 
EXHIBIT X3.3: 
The first input on the supply side contains assumptions regarding 
network supply constraints.  Only those supply constraints relat-
ing to basic telephony are considered, because this is where we 
envisage the greatest discrepancy between demand and supply. 
These input  data  are country-specific.  Assumptions  specified 
include: 
....  the satisfied demand for 1990 
....  the network supply limits over the study period 
....  the percentage of new connections which are allocated to the 
residential market 
Demand Methodology: Detail of  Supply Side 
Supply constraints for 
basic telephony 
Market share per 
bearer service 
Network 
provisioning 
,,  ,, 
........ ........  :······· ·······-:  :······· ········:  .  .  .  .  :  .  .  . 
=~~  :  b  : 
1 i.i]  !--------t•~~ i!  ~--------~•~! iJ i  !~::~  D~=:1or 
~ j  ~  ~ fl  ~  I  ~  ~  ~ I  ""'---th-e  TO____, 
I  ~ J  ~  L. ............ .! 
:. ...............  :  - -
Satisfied 
Demand for 
the Competition 
..,.  the proportion of unsatisfied traffic demand carried on exist-
ing  telephony  connections.  For  example,  when  several 
households share one telephony connection because of supply 
limitations, part of their unsatisfied traffic demand is carried 
on the telephony network, causing a considerable increase in 
the traffic load per line.  In a limited sense, therefore, parts of 
the unsatisfied demand becomes 'satisfied'. 
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The supply of bearer services is calculated on the basis of assump-
tions  from  the  input  described  above,  and  the  results  of the 
'demand side' calculations.  Also at this stage, the calculation of 
busy-hour traffic per connection is modified on the basis of data 
for unsatisfied traffic demand which is carried on existing connec-
tions.  From  this  information,  a  waiting  list  for  the  basic 
telephony service can then be calculated. 
The second input contains assumptions regarding the allocation 
of market  share between  the TO and  the competition,  for  all 
bearer services and for the CPE market.  For basic telephony and 
ISDN we  expect  the competition  to  develop  differently in the 
access  market  and  the  transit  traffic  market;  separate  as-
sumptions are therefore made regarding competition in these two 
markets. ·For the same reason, separate competition assumptions 
are  made  for  the  CPE  sales  and  rentals  markets.  For the 
purposes  of ~study, VSAT  is  classified  as  a  satellite-based 
broadband leased line, and so VSATs introduced by competitors 
are  modelled  as  competition  in  the  broadband ·leased-lines 
market.  These input data are country- and scenario-specific. 
The supply of bearer services for the TO and the competition is 
calculated  from  the  assumptions  regarding  market  share  (as 
·described in the previous paragraph).  Calculations for the access 
network are done separately from those for the transit network, 
allowing us to represent situations where: a) there is competition 
in the local access, but all transit traffic is carried by the TO, or b) 
there is competition in the transit network, but the TO has a near 
monopoly in the local access network. 
The  input  for  network  provisioning  contains  assumptions 
regarding increases in the demand for leased lines to be used for 
interconnection with the mobile telephony network.  Calculations 
concerning network provisioning are only carried out for the TO, 
not for  the competition  - we  have  assumed  that the situation 
does not arise where a national TO leases lines from the competi-
tors to operate its mobile telephony network.  These input data 
are country- and scenario-specific. 
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Modification of  the 
Supply of  Some 
Bearer Services for 
the TO 
The  quantification  of  network  provisioning  effects  (from  the 
network provisioning input described in the previous paragraph) 
leads to a modification of demand for  the TO's bearer services. 
The  calculation  of demand  for  leased  lines  for  use  by  mobile 
telephony  takes  account  of  the  bandwidth  of the --leased-line 
service,  the  bandwidth  of mobile  speech  (which  is  assumed  to 
decrease over time), and the split in usage between narrowband 
and broadband leased lines. 
The results of these calculations - in the form of satisfied demand (number of connec-
tions and busy-hour traffic loading per connection) for each bearer service, for both the 
TO and its competitors - are passed on to the investment model. 
X4  TARIFF ME1110DOLOGY 
In this section we  describe the methodology we  have  used  to  project tariffs over the 
study period, for input to the investment model. 
For each bearer service we calculate the following tariffs (known as 'derived' tariffs): 
..,.  Installation Tariff - the price paid by the customer for installing the connection 
..,.  Rental Tariff - the annual rental for the connection 
....  Usage Charge  - the annual charge for usage of the bearer service (usage charge = 
usage tariff • volume of traffic). 
Each of these derived tariffs is calculated using the following four parameters: 
....  the  cost-independent tariff - the current tariff as specified by the TO.  The label 
'cost-independent tariff' signifies that this tariff is independent of the cost of offering 
the service as calculated by the investment model. 
....  the cost·independent tariff trend  - an input assumption which drives change in the 
cost-independent tariff over time. 
....  the  cost-oriented  tariff  - calculated  by  our  investment  model  using  information 
regarding network equipment costs, cost trends, depreciation periods and operating 
(gross) profit margins over time (specified on a country-by-country basis) . 
..,.  the  cost-oriented weighting  - an input assumption which  determines the extent to 
which the derived tariff is affected by the costs of providing the bearer service, and 
how this changes over time. 
The process of determining each of these derived tariffs is summarised in Exhibit X4.1. EXHIBIT X4.1:  Summary of  Tariff Methodology 
I 
Cost-oriented 
I  ...  weighting 
"'!::t  : 
I 
~  : 
I 
·~::  : 
INI/ESTMENT  Cost-independent  ...,  {i  :  - \) ~:  tariff  i  ~ ~  -- MODEL (STEM) 
~  : 
I 
Cost-independent 
I 
a  ~ 
: 
tariff trend  ......... 
l!.~ 
~·~ 
Operating profit margin  ~i  - ~· 
per bearer seiVice  -
....  ~  .... 
For the first year of the study period, no cost data are available from the investment 
model.  Therefore, the derived tariff for the first year is equal to the cost-independent 
tariff.  For subsequent years of the study period, cost data are provided by the invest-
ment  mode~ and so  the derived tariff is  calculated using the cost-oriented  tariff~ the 
cost-independent tariff, the cost-oriented weighting and the cost-independent trend. 
Exhibit X4.2 gives an example of how the cost-independent tariff can develop over time  .. 
as determined by the cost-independent tariff trend.  The Exhibit also illustrates the situ- ' 
ation where the cost-oriented tariff' is lower than the cost-independent tariff.  As the 
model run progresses and the independence weighting changes,  this causes a gradual 
transition of the derived tariff from the cost-independent to the cost-oriented tariff.  In 
Exlubit X4.2, the weighting has not fallen to 0% by the end of the period; a weighting of 
0% would imply that the derived tariff is wholly dependent on the cost-oriented tariff. 
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EXHIBIT X4.2·  Sub-Components of  a Derived Tariff 
AlOO  ~~------------------------------
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Explanation of Financial Terms 
On the following pages we present an explanation of financial terms used in this report. 
In addition, the financial assumptions used in producing the accounts tables are also 
explained. 
Capital Cluuge 
Capital Outlay 
Cash 
Creditors (amounts 
falling dlle after 
more than one year) 
Capital Charge  is  Net  Expenditure  on Tangible Fixed  Assets 
charged over the lifetime of the equipment - otherwise known as 
Depreciation. Capital Charge is included in Operating Charge. 
In Graph 24,  Capital Outlay is  defined as Net Expenditure on 
Tangible Fixed Assets plus CPE Sales Expenditure.  In Graph 43, 
Capital Outlay is identical to Net Expenditure on Tangible Fixed 
Assets. 
For any one year, Cash is the sum of the Cash (balance) figure 
for the previous year and the Net Cash Outflow from Operations 
in the current year. 
Note: it is assumed that the whole of Network Cash Flow result-
ing from the model run (as shown in Graph 44) feeds directly into 
this  Cash  balance.  No  assumptions  have  been  made  as  to 
whether positive Network Cash Flows are used to pay off long-
term debt or to invest in extra-national operations.  In practice, 
therefore, the Cash balance shown in the accounts tables equates 
to the Network Cash Balance as shown in Graph 44. 
This term is taken to be equal to the operator's long-term debt in 
1990. 
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EXPLANATION OF FINANCIAL TERMS Creditors (other) 
Creditors (tax and 
dividends payable) 
Debtors 
Depreciation 
Dividends Paid 
Earnings per Share 
Exceptional Charge 
Fixed Assets 
Funds from 
Operations (as used 
in Results Graphs) 
'Creditors (other)' are all short-term creditors with the exception 
of tax payable and dividends payable.  The figure for Creditors 
(other) in  1990 was  taken from  the  1990  accounts used as our 
starting-point, and represents the difference between total Short-
Term Creditors and the sum of Tax and Dividends Payable.  For 
subsequent  years,  the figure  for  Creditors  (other)  is  adjusted 
according to changes in Turnover and Debtors. 
Creditors (tax and dividends  payable)  are equal to Tax on  the 
Profit of Ordinary Activities in  the current year plus Ordinary 
Dividends in the current year. 
The 1990 figures for Debtors were taken from the 1990 accounts 
used  as  our starting-point.  For subsequent years, Debtors are 
assumed to vary from the base year in proportion to the level of 
turnover in the current year, and represent the amount of money 
that is owed to the operating company. 
Depreciation  is  the  sum  of all  capital  charge  payments  from 
previous capital investments which fall due in the current year. 
For any one year, Dividends Paid are the dividends which were 
declared due in the previous year. 
Earnings per Share are calculated as Profit Attributable to Ordi-
nary Shareholders divided by the Number of Ordinary Shares. 
Any Exceptional Charge1 for  1990 is  taken into account in that 
year, but for subsequent years there is assumed to be no Excep-
tional Charge. 
Fixed Assets in the current year are calculated to be the sum of 
Fixed Assets in the previous year plus Net Expenditure on Tangi-
ble Fixed Assets less net Depreciation. 
In  the  results  graphs,  Funds  from  Operations  are  equal  to 
Revenue less any Exceptional Charge, less the sum of all Running 
Costs,  Indirect  Costs  and  Net  Expenditure  on  Tang~ble Fixed 
Assets.  This is the same as Net Cash Outflow from Operations in 
the sets  of accounts,  but different from  Total Funds Generated 
from Operations before Tax, as used in the sets of accounts. 
1  Exceptional CbarJes arc aiDaJe DOD·I'ealrrinB charges, aucb a  redundaDcy COifs aaoc:iated witb a restructlllint oftbe orpnisatioa. 
----~------~---------- Analy.s}!S _ 
EXPLANATION OF FINANCIAL TERMS PERFORMANCE. OF THE TELECOM/IIVNICAT70NS SECTOR UP TO 2011 
Increase in Working 
·Capital 
Indirect Costs 
Interest Cover 
Investment in 
Relation to 
Turnover 
Long-Tmn 
Creditors 
Minority Interests 
Net Assets 
Net Cash Outflow 
from Operations 
Net Cun-ent Assets 
Net Expenditure on 
Tangible Fixed 
Assets 
The 1990 figure for Increase in Working Capital has been taken 
from the 1990 accounts used as our starting-point.  In subsequent 
years, Increase in  Working Capital is defined as the difference 
between Debtors minus Creditors (Other) in the current year and 
Debtors minus Creditors (Other) in the previous year. 
Indirect Costs are the sum of Net Interest Paid, Taxation Paid, 
Dividends Paid and Increase in Working Capital.  Exceptional 
Charges are not included in Indirect Costs. 
Interest Cover is calculated as Operating Profit before Interest 
plus Depreciation, divided by Net Interest Paid.  It indicates the 
multiple by  which  Operating Profit exceeds  Net Interest Paid. 
Negative values indicate that Net Interest is negative. 
Investment in Relation to Turnover is Net Expenditure on Tangi-
ble  Fixed  Assets  expressed  as  a  proportion  of  Turnover 
(revenue). 
See 'Creditors (amounts falling due after more than one year)'. 
The value for liability  to Minority Interests in  1990  was taken 
from the 1990 accounts used as our starting-point, and remains 
unchanged for subsequent years of the model period. 
Net  Assets  are  calculated  as  Net  Current  Assets  plus  Fixed 
Assets. 
Net Cash  Outflow  from  Operations is  the difference  between 
Total Sources of Funds Net of Taxation and Total Application of 
Funds in the year. 
Net Current Assets is the sum of Stock, Debtors and Cash, less 
Short-Term Creditors. 
Net Expenditure on Tanpble Fixed Assets is total capital expen-
diture in the year, excluding CPE Sales Expenditure. 
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EXPLANATION OF FINANCUL TERMS Net Interest Paid 
Net Profit Margin 
Network Cash 
Balance 
Net Interest Paid is calculated from the sum of Cash and Short-
Term Creditors.  A different interest rate is used depending on 
whether this total is positive or negative.  However, the interest 
rate is  gradually  moved  during  the model  period  towards  the 
European average,  at a _speed  largely  determined by  the likely 
regulatory changes in the country. 
See 'Profit Margin'. 
This is illustrated in Graph 44 within each set of country results. 
It is  the direct result of the pattern of network investment and 
operations modelled.  For any year it is the sum of the Network 
Cash Balance for the previous year and the Network Cash Flow 
in the current year. 
Because we have not undertaken detailed modelling of the means 
by which  operators finance their capital expenditure,  or of the 
uses to which network Cash Flows are put, the Cash figure shown 
in the Balance Sheet is identical to Network Cash Balance.  In the 
Balance Sheets all debt (other than Short-Term Creditors) addi-
tional to the 1990 Long-Term Creditors figure is reflected in the 
Cash line.  Similarly,  we  have  not shown  Network  Cash  Flow 
being used to reduce the amount of Long-Term Creditors.  Note: 
if  we had made different financing assumptions, the Cash figure 
in the accounts would not necessarily have been the same as the 
Network Cash Balance. 
Network Cash Flow  The Network Cash Flow for each country is shown in Graph 44 of 
that country's  results.  The Network  Cash  Flow profile is  the 
direct  consequence  of the pattern of network  investment  and 
operations modelled.  It is conceptually different from Net Cash 
Outflow from Operations in the accounts sheets, since in theory 
the latter could  be affected by  cash  movements which  are not 
related  to  the  network  (for  instance,  the  sale  or purchase  of 
financial assets).  However,  because we  have not attempted to 
model fmancing in detail, and have instead assumed that cash is 
not used to pay off long-term debt or to purchase financial assets, 
in  practice  Net  Cash  Outflow  from  Operations  shown  in  the 
accounts is the same as Network Cash Flow. 
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Number of  Ordintuy  The Number of Ordinary Shares is taken to be equal to Turnover 
Shares  in 1990 divided by three.  The purpose of calculating the number 
of shares in circumstances where operating companies are under 
government control is to see the equivalent earnings performance 
of the company, and to cater for the situation where a flotation 
occurs at some point during the model run. 
Operating Charge  See 'Operating Costs'. 
Operating Costs  Operating Costs are the sum of Depreciation charges occurring 
during the year and all Running Costs {all current account expen-
diture  including  operations  and  maintenance,  administration, 
service provision and overheads) but not Interest, Tax or Divi-
dends. 
Operating Profit 
before Interest 
Operating Profit 
Margin 
Ordintuy Dividends 
Overall Charge per 
Connection 
Profit Attributable 
to Ordinary 
Shareholders 
Where we  show  figures  for  individual  bearer services  (as  in 
Graphs 35  to 40),  we  refer  to  Operating Charge rather than 
Operating Cost, since this is  a  more appropriate term for the 
individual services where the total cost is allocated to each one. 
Operating Profit before Interest is calculated as Turnover less the 
sum of Operating Costs in the year. 
Operating Profit Margin is calculated as the Profit on Ordinary 
Activities before Taxation divided by Turnover in the year. 
The 1990 figure for Ordinary Dividends has been taken from the 
1990 accounts used as our starting-point.  In subsequent years, if 
there were dividends in 1990,  the 1990  dividend rate (i.e;  divi-
dends as a percentage of Profit Attributable to Ordinary Share-
holders) is used throughout.  Where there were no dividends in 
1990, dividends in subsequent years are also assumed to be zero. 
Within each country the same dividend rates have been used for 
both the TO and its competitors. 
Overall Charge per Connection is Operating Charge for the indi-
vidual service divided by the number of connections. 
In practice, Profit Attributable to Ordinary Shareholders is equal 
to Profit on Ordinary Activities after Tax,  since Minority Inter-
ests and Preference Dividends are assumed to be zero. 
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Profit on Ordinary 
Activities after Tax 
Profit on Ordinary 
Activities before Tax 
Provisions for 
Liabilities and 
Charges 
Reserves at the Year 
End 
Restated Reserves at 
the Beginning of  the 
Year 
Retained Profit for 
the Financial Year 
Return on Total 
Assets 
Revenue per Call 
Minute 
Profit Margin is calculated as the Profit on Ordinary Activities 
after Taxation divided by Turnover in the year.  It is also referred 
to as Net Profit Margin. 
Profit  on  Ordinary Activities  after Tax  is  Profit  on  Ordinary 
Activities before Tax less Tax on the Profit of Ordinary Activities. 
Profit on Ordinary Activities before Tax is defmed as Operating 
Profit before Interest less the sum of  Exceptional Charge and Net 
Interest Paid. 
The Provision for Liabilities and Charges in 1990 has been taken 
from the 1990 accounts used as our starting-point, and this figure 
is used for all subsequent years. 
Reserves at the Year End are Restated Reserves at Beginning of 
the Year plus Retained Profit for the Year. 
Restated  Reserves at the Beginning of the Year are equal to 
Reserves at the Year End for the previous year. 
Retained  Profit  for  the  Financial  Year  is  defined  as  Profit 
Attnbutable to Ordinary Shareholders less Ordinary Dividends. 
Return on Total Assets is defined as Profit on Ordinary Activities 
after Tax as a proportion of the sum of Stock, Debtors, Cash and 
Fixed Assets.  As mentioned under 'Cash', we have assumed that 
Cash in the accounts is equal to Network Cash Balance.  Since 
Cash (balance) is a part of Total Assets and, under our assump-
tions, Cash equates to Network Cash Balance, negative Network 
Cash Balances are reflected in  the Balance Sheet as a reduction 
in  Total Assets rather than  as  an increase  in  Total Uabilities. 
Return on Total Assets is therefore higher than if  we had made 
different assumptions. 
Similarly,  large  positive  Network  Cash  Balances  result,  under 
these assumptions,  in  increases in Total Assets compared to a 
situation where these large Network Cash Balances were used to 
reduce Total Liabilities. 
Revenue per Call Minute is total revenue for a particular service 
divided by number of call minutes for that service.· 
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Revenue per 
Connection 
Running Costs 
Short-Term 
Creditors 
Stock 
Taxation Paid 
Tax on the Profit of 
Ordinary Activities 
Revenue per Connection is total revenue divided by the number 
of connections.  Note that although  a  telephony connection in 
1990  is  usually  a  copper  pair  carrying  one  voice  circuit,  a 
connection  not  necessarily  the  same  as  a  voice  circuit.  For 
instance,  a  Primary-Rate  ISDN  connection  provides  30  voice 
circuits, but is still one connection.  The sum of connections for 
Business Telephony, Residential Telephony, Mobiles, ISDN and 
Switched Broadband is described as the Total for Main Switched 
Services. 
Running Costs are the sum of all current account charges includ-
ing operations and maintenance, administration, service provision 
and overheads. 
The sum of Creditors (tax and dividends payable) plus Creditors 
(other), in the Balance Sheet.  Short-term Creditors are deducted 
from  the total  of Stock,  Debtors  and  Cash  to  arrive  at  Net 
Current Assets. 
The 1990 figure for Stock has been taken from the 1990 accounts 
used as our starting-point.  In subsequent years, Stock varies in 
proportion to Net Expenditure on Tang~ble  Fixed Assets. 
Taxation Paid is taxation due on the Profit on Ordinary Activities 
in the previous year. 
Tax on the Profit of Ordinary Activities is  all tax due on the 
current year's activities.  The tax rate is gradually moved during 
the model period to the European average,  at a  speed largely 
determined by likely regulatory changes in the country. 
Total Application of . Total Application  of Funds is  the sum of Net Expenditure on 
Funds  Tang~ole Fixed Assets, Dividends Paid and Increase in Working 
Capital. 
Total Funds 
Generated from 
Operations before 
Tax (as used in the 
sets of  accounts) 
Total Funds Generated from Operations before Tax is the sum of 
Profit on Ordinary Activities before Tax,  Depreciation and all 
other items not involving cash movement.  Note: this is different 
from  the Funds from  Operations measure used in  the results 
graphs (which is calculated after tax and after Net Expenditure on 
Tang~ble Fixed Assets). 
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EXPLANATION OF FINANCIAL TERMS Total Sourc_es of 
Funds Net of 
Taxation 
Turnover 
Total Sources  of Funds Net of Taxation is  calculated  as  Total 
Funds  Generated  from  Operations  before  Tax,  less  Taxation 
Paid. 
Turnover is the sum of all revenues generated by the service and 
product sales during the year. 
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Glossary and Abbreviations 
3D  Three Dimensional  BeNeLux  Belgium, the Netherlands and 
ANI  Automatic Number Identification 
Luxembourg 
AON  Active Optical Network 
bn  Billion 
Application  A task that a user performs using 
BT  The tr8dins name of British 
telecoms.  A number of different 
Telecommunications pic 
attnoutes arc used to distinguish  BTN  Basic Telephony Network 
applications - type of information 
to be communicated, mobility of 
BTS  Base Transceiver System (part of 
user, speed of  transmission, etc. 
PCN) 
ASST  One of the three TOs in Italy,  CAA  Autocommutateur l Autonomie 
which is respoftSlole for the long- d'  Acheminement, a primary level 
distance national network 
czclumge in France 
between major cities, and the  CATV  Cable Television 
international (European and 
CCIR  International Radio Consultative  Mediterranean basin) telephony 
services 
Committee 
ATC  The~tionoflocd 
CenT  lntematicmal Telepaph and 
Telephone Companies in Fmland, 
Telephone Consultative 
representing the interests of the 
Committee 
companies in dealinp with the  CEC  Commission of the European 
gove.nunentandtheTO  Communities 
ATM  Asynchronous Transfer Mode  Centra  A service offerift& a user 
AV  Audio-Visual  organisation the functionality of a 
PABX from the local telephone 
BABT  British Approvals Board for  exchange 
Telecommunications, responsible 
for equipment type approval in 
CL  A local &Witch in France 
the UK  Class  In STEM, Cltlsses are the 
Bearer  Types of connection either offered  functional blocb  which make up 
SeMce  at present or expected to become  the network architecture; each 
significant in the future.  They  indudes several kinds of 
may also be referred to u  equipment (modelled as Specifics) 
'connection types'  cu  Calling Line ldaltification 
BECU  Billions or ECU  co  Central Office 
_  Analysys 
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GLOSSARY  ~  Filllll Rt!portftw 11M CommbliDtl of*  Ewopetln CtJmmu1IJiia 
COCOM  The organisation respollSlble for  DEL  Direct Exchange Line 
detennining the security export 
DOS  Disk Operati~  System  "  control system for NATO 
countries and Japan  DRG  Direction de Ia R~glementation 
G~n~rale  (French regulatory  ~ 
Connection  The type of access to the network 
body) 
Type  used for a communication (e.g. 
Public Payphone, Narrowband  EBRD  European Bank for 
Leased Line,Basic-Rate ISDN)  Reconstruction and Development 
CPE  Customer Premises Equipment  EC  European Community 
CPRM  Companhia Portuguesa Radio  ECU  European Currency Unit 
Marconi, which provides a 
EDI  Electronic Data Interchange  satellite and continental cable 
service in Portugal  (generic tenn for the electronic 
transfer of invoices and other 
CSA  An independent commission in  commercial dOQlments) 
France which controls all TV and 
EFT  Electronic Funds Transfer  radio broadcasts 
CSDN  Circuit-Switched Data Network  EFTA  European Free Trade Association 
en  Cordless Telephony 2 
EFI'POS  Electronic Funds Transfer at 
Point of  Sale 
crp  A tertialy level exchange in 
Email  Electronic mail 
France 
crs  A secondaJy level exchange in 
EMS  European Monetary System 
France  ERM  Exchange Rate Mechanism 
CIT  Correio e Telecomunicaceos de  ETSI  European Telecommunications 
Portugal, the former name for  Standards Institute 
Telecom Portugal 
FCC  US Federal Communications 
Cu  Copper  Commission 
DCC  Digital Cross-Connect  FDDI  Fibre Distributed Data 
DCS  A packet-switched service  Interchange 
introduced by R1T, the Belgian  FT  France Telecom; also Fyns 
TO  Telefon, one of the four regional 
DCSR  Direzione Centrale Servizi  operators in Denmark, 
Radioelettrid, a body in Italy  respollSlble for the Funen area 
responsible for radio services,  GATI  General Agreement on Tariffs 
particularly marine  and Trade 
communication~ 
GOP  Gross Domestic Product 
ocsr  Direzione Centrale Servizi 
GNP  Gross National Product  Telegrafici, a body in Italy 
respollSlble for telex and telegram  GOS  Grade of Service 
services and the Telex-dati data 
GPT  GEC Plessey Telecommunications  network 
DDD  Direct Distance Dialling  GSM  Groupe Sp6ciale Mobile (the 
CEC/CEPT-initiated future 
DEC  Digital Equipment Corporation  digital pan-European mobile 
DEer  Digital European Cordless  telephone system) 
Telephone (CEC standard for  HDTV  High-Definition Television 
digital cordless telephones) 
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HRC  Hunprian Radiotelephone  LATA  Local Ac:cess and Transport Area, 
ComPanY  in the USA 
·~ 
IITC  Hunpriali Telecommunications  LBC  Local Exchange Carrier 
Company, the Hungarian TO 
LEX  Local Exchange  ,. 
IBC  Integrated Broadband 
Communications  MAN  Metropolitan Area Network 
IBCN  IBCNetWOrk 
MDNS  Managed Data Network Services 
IBT  The new Belgian Institute for 
mE  milli-Erlang (1/lOOOth of an 
Telecommunications 
Erlang) 
ICP  lnstituto das Comunic:acoes de 
MECU  Millions of ECU 
Portugal, the independent  MES  Master Earth Station 
regulatory body in Portugal 
MFJ  Modified Fmal Judgement 
IFC  International Fmance Corporation 
MS  Market Segment 
IMF  International Monetary Fund 
Mux  Multiplser 
IN  Intelligent Network  NB  Narrowband 
INTUG  International Telecommunications 
NCC  New Common Canier 
UsenGroup 
IPSS  BTs international data  NET  Nonno Burop6enne de 
transmission network 
TS6com.munications 
ISDN  lntegratedSoMcesDigital  NMS  Network Management System 
Network  NT  Network Termination 
ISO  International Standards  N1T  Japanese domestic carrier 
Orpnisation 
NY  Now York 
ISPT  Instituto Superiore delle Poste o 
O&M  Operations and Maintenance  Telec:ommicazione, the body 
responslble for equipment type  OBCD  Organisation for Economic Co-
approval in Italy  operation and Development 
rr  Information technology  OF  Optical Fibre 
lTU  International Telecommunication  OFTEL  Office of  Telecommunications 
Union  (UK regulatory body) 
IXC  Inter-Exchange Carrier in the  ONA  Open Network Architecture 
USA 
ONP  Open Network PrOYision 
rrAS  .Jyoak Tclefon Alctie Selskab, one 
OSI  Open Systems Interconnection  of the four regional operators in 
Denmark, responsible for Jutland  OTE  Hellenic Telecommunications 
KDD  Japanese international carrier  Organisation, the Greek TO 
KTAS  Kltbenhavns Telefon Aktie  PA  Primary Ac:cess 
Selstab, one of the four regional  PBX  Private Branch Exchange 
operators in Denmark, 
PC  Personal Computer 
• 
responsible for Zealand, LoUand-
Palstor, Moen and Bomholm  PCM  Pulse Code Modulation 
l.AN  Local Area Network  PCN  Personal Communications 
Network 
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GLOSSARY  AM1y.fy1 FiN:II Rqotr  for t1w ~  tJ/tlw Ewopeta CommunitiD 
PNC  Personal Number Calling  SS7  ccrrr  Sipallbta System No. 7 
PON  Passive Optical Network  STEM  Analylyl S'fEM'I'N Strategic  ~ 
Telecommunications Evaluation 
POTS  'Plain Old Telephony Service' 
Model 
I 
I(  PP'IT  The Polish Post, Telegraph and 
Statens Teleforvaltning, a 
Telephone Organisation 
regulatoey authority in Norway 
PSDN  Public Switched Data Network  responsible for type approval and 
PSO  Private Service Operator  the award of operating licences 
Analysys STORETM database  STORE 
PSIN  Public Switched Telephone 
management and model  Network 
annotation system 
PTO  Public Telecommunications  TEX  Transit Exchange  Operator 
TI...P  Telefones de Lisboa e Oporto, 
RACE  Research into Advanced 
responsible for the telephone  Communications Technologies for 
network of Lisbon and Oporto  Europe (CEC Programme) 
(Portugal) 
RBHC  Regional Bell Holding Company 
TMN  Telecommunication Management 
RBOC  Regional Bell Operating Company  Network 
RCU  Remote Concentrator Unit  TO  TelecommunicatiOM Operator 
RDSI  Red Digital Servicios Integrados,  TP  Telecom Portugal 
an integrated ISDN service being 
TPON  Telephony Passive Optical  planned by Telef6nica in Spain 
Network 
RFD  Rete Fonia-Dati, the lower layer 
TS  Standis Telefon, one of the four  of the CSDN in Italy 
regional operators in Denmark, 
RPI  Retail Price Index  responsible for southern areas of 
RPT  Rom-Post-Telecom, an  Jutland 
autonomous state-owned company  UK  United Kingdom 
in Romania, with a monopoly aver 
UMTS  Universal Mobile Telephony  the supply of basic services 
Service 
RSS  Remote Subscnber Switch 
UYr  Universal Personal 
RIT  R~gie  des T~l~hes  et  Telecommunications 
T~lephones, the Belgian TO  uso  Universal Service Obligation 
SDH  Synchronous Digital Hierarchy 
VADS  Value-Added Data Service 
SFR  Self Fmancing Ratio 
VANS  Value-Added Network Service 
SIP  One of the TOs in Italy, which is 
VAS  Value-Added Service  responstble for the local network 
and for some long-distance  VCR  Vi~  Cassette Recorder 
national networks 
VLSJ  Very I..arge.Scale Integration 
...  ''l~:  SIJC  Subscriber Une Interface Card 
VPN  Virtual Private Network 
SO NET  Synchronous Optical Network 
VSAT  Very..Small-Aperture 1'errninal  • 
Specific  In STEM, Specifics represent the  (fot satellite communicati'ORS) 
various technological options for 
WAN  Wide Area Netwotk 
implementing the network 
function of a particular Class  WDM  Wave-Division Multiplexing 
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